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Abstract 
Abstract 
Increasingly, companies around the world are reengineering their business process to 
be more profitable and to improve their customer satisfaction. The technique used is 
often known as Business Process Reengineering (BPR) which requires radical change 
in the structure of the company and offers high achievement on some performance 
dimensions. Statistics show that as many as 70% of large companies are involved in 
BPR projects and many others plan to begin projects soon. It also shows that up to 
70-75% of these BPR projects fail. There are a few reasons for this high rate of 
failure. Lack of proper and well documented methodology is one main reason. It 
could also be due to unrealistic scope and expectation of the project, underestimating 
the time and cost involved, and the effect of company type on BPR projects. 
In this study a well structured methodology for BPR is proposed. The methodology 
includes several new concepts and tools orderly organised to ease the hardship of 
reengineering. Information Technology (IT) has been used as a tool to redesign the 
company in the form of a simulation tool. It has also been used as a tool within the 
company to automate the activities involved in the business process. 
The methodology was tested in industrial case studies and the results were quite 
satisfactory. The effect of company type on BPR was also tested. For Make-to-stock 
and Make/Assemble-to-order types of company, reengineering can have great impact. 
The effect of IT on BPR has been tested. IT if implemented by itself can improve the 
performance in the magnitude of 10-15%, and if implemented within the framework 
of BPR can have impact of 40-50% on the business. The simulation package of TOP- 
IX was used for the first time in a manufacturing environment and it proved to be 
satisfactory software for BPR. 
111 
Table of contents 
Title 
............................................................................................................................ i 
Acknowledgement 
........................................................................................... ii 
Abstract iii 
Table of content ............................................................................................... iv 
1. Introduction ..................................................................................................... I 
1.1 Thesis organisation .................................................................................... 2 
1.2 Research methodology ............................................................................. 5 
2. Literature review. ...................................................................................... 8 
2.1 Introduction .................................................................................................. 8 
2.2 Business process ......................................................................................... 
9 
2.2.1 Definition ................................................................................................. 
9 
2.2.2 History of business processes .................................................................. 
9 
2.2.3 What are business processes? .................................................................. 
9 
2.3 Business process reengineering (BPR) ............................................... 13 
2.3.1 Definition of BPR .................................................................................. 13 
2.3.2 Goals of BPR ......................................................................................... 15 
2.3.2.1 Improved customer satisfaction .................................................... 15 
2.3.2.2 Cost reduction ............................................................................... 15 
2.3.2.3 Improved product and service quality .......................................... 16 
2.3.2.4 Harnessing skill ............................................................................ 16 
2.3.2.5 Reduced times ............................................................................... 
16 
2.3.2.6 Improving value-added ................................................................. 
16 
2.3.2.7 Faster responsiveness ................................................................... 
17 
2.3.3 Principles of BPR .................................................................................. 
17 
2.3.3.1 Achieving step change in performance ......................................... 
17 
2.3.3.2 Moving from functional to process oriented organisation ........... 
17 
-iv- 
Table of contents 
2.3.3.3 Create customer focus .................................................................. 
18 
2.3.3.4 Integrating work ........................................................................... 
18 
2.3.3.5 Developing a process management culture .................................. 
18 
2.3.4 Scope of BPR ......................................................................................... 18 
2.3.5 Reengineering vs. Incremental improvement ........................................ 
21 
2.3.6 Method vs. Intuition ............................................................................... 22 
2.3.7 Different methodologies ........................................................................ 24 
2.3.7.1 Lucas methodology ....................................................................... 27 
2.3.7.2 Davenport and Short methodology ............................................... 30 
2.3.7.3 Harrison and Pratt methodology .................................................. 31 
2.3.7.4 Guha, Kettinger and Teng methodology ....................................... 34 
2.3.7.5 Manganelli and Klein methodology ............................................. 40 
2.3.7.6 Harrington methodology .............................................................. 42 
2.4 Company Type and its effects on BPR ............................................... 45 
2.4.1 Make-to-stock organisation ................................................................... 46 
2.4.2 Make/Assemble-to-order organisation .................................................. 47 
2.4.3 Engineer-to-order organisation .............................................................. 
49 
2.5 Information Technology ......................................................................... 
50 
2.5.1 IT and BPR ............................................................................................ 
52 
2.5.2 Role of IT in BPR .................................................................................. 53 
2.6 Simulation in BPR .................................................................................... 54 
2.6.1 Requirements for a modelling tool ........................................................ 55 
2.6.2 Modelling tools ...................................................................................... 56 
2.7 Conclusion .................................................................................................. 58 
2.8 Summary ..................................................................................................... 61 
3. The methodology ....................................................................................... 62 
3.1 Stages of methodology ............................................................................ 62 
3.1.1 Preparation ............................................................................................. 
63 
3.1.1.1 Secure Management Commitment ................................................ 
63 
-v- 
Table of contents 
3.1.1.2 Organise Reengineering Teams .................................................... 
63 
3.1.1.3 Set Performance Goals ................................................................. 
64 
3.1.1.4 Identify Reengineering Opportunities ........................................... 
65 
3.1.2 Modelling ................................................................................................ 
67 
3.1.2.1 Document the Existing Process .................................................... 
67 
3.1.2.2 Create a Simulation Model ........................................................... 
67 
3.1.3 Redesign ................................................................................................ 68 
3.1.3.1 Waste Elimination ......................................................................... 68 
3.1.3.2 Identify Runners/Repeaters/Strangers .......................................... 76 
3.1.3.3 Input/Output Analysis ................................................................... 77 
3.1.3.4 Selecting IT Levers ....................................................................... 77 
3.1.3.5 BPR Processing Chart .................................................................. 78 
3.1.3.6 Natural Grouping ......................................................................... 80 
3.1.3.7 Design and Simulate New Model ................................................. 80 
3.1.4 Implementation ...................................................................................... 
80 
3.1.4.1 Construct System .......................................................................... 
81 
3.1.4.2 Train Staff ..................................................................................... 
81 
3.1.4.3 Pilot New Process ......................................................................... 
81 
3.1.4.4 Refine and Transition ................................................................... 
81 
3.1.4.5 Continuous Improvement .............................................................. 
82 
3.2 Summary ..................................................................................................... 83 
4. Selecting the case study .......................................................................... 
84 
4.1 Company selection ................................................................................... 84 
4.1.1 Company profile .................................................................................... 85 
4.1.2 Company divisions ................................................................................ 86 
4.1.2.1 Automation division ...................................................................... 
86 
4.1.2.2 Engineering product division ....................................................... 
86 
4.1.2.3 Hoist division ................................................................................ 
86 
4.1.2.4 Industrial crane division ............................................................... 
87 
4.1.3 Company management .......................................................................... 
87 
-vi- 
Table of contents 
4.2 Simulation software selection ............................................................... 
88 
4.2.1 TOP-IX software .................................................................................... 
91 
4.2.2 Software modules .................................................................................. 93 
4.2.2.1 Topflow module ............................................................................ 
93 
4.2.2.2 Topgen module ............................................................................. 
94 
4.2.2.3 Topman module ............................................................................ 96 
4.2.3 Software evaluation ............................................................................... 96 
4.3 Summary ................................................................................................... 100 
5. Case study I- Hoist Division at Morris ..................................... 101 
5.1 Case design ............................................................................................... 101 
5.2 Organisation background ..................................................................... 101 
5.3 Case execution ......................................................................................... 102 
5.3.1 IT-based environment .......................................................................... 
103 
5.3.1.1 Modelling .................................................................................... 
103 
5.3.1.2 Redesign ...................................................................................... 
114 
5.3.2 Manual environment ............................................................................ 
125 
5.3.2.1 Modelling .................................................................................... 
125 
5.3.2.2 Redesign ...................................................................................... 
127 
5.4 Results ....................................................................................................... 128 
5.5 Summary ................................................................................................... 134 
6. Case study II - Engineered Product Division at Morris.. 135 
6.1 Case design ............................................................................................... 135 
6.2 Organisational background .................................................................. 136 
6.3 Case execution ......................................................................................... 136 
6.3.1 Modelling ............................................................................................. 
137 
6.3.2 Redesign ............................................................................................... 
145 
6.4 Results 
....................................................................................................... 
157 
-vii- 
Table of contents 
6.5 Summary ................................................................................................... 159 
7. Discussion, Conclusion, and Future Work .........................:.... 160 
7.1 Discussion 
................................................................................................. 
160 
7.1.1 Proposed methodology ........................................................................ 
160 
7.1.2 BPR and the company type .................................................................. 
173 
7.1.3 Effect of IT on BPR ............................................................................. 176 
7.1.4 Simulation techniques (TOP-IX) ......................................................... 178 
7.2 Conclusion ................................................................................................ 180 
7.3 Research achievements ......................................................................... 185 
7.4 Future work .............................................................................................. 188 
Refrences ........................................................................................................... 
191 
Appendix 1 
Complete result of TOP-IX on the "As-is" IT-Based model for Hoist 
Division of Morris. 
Appendix 2 
Complete result of TOP-IX on the new "To-be" IT-Based model for Hoist 
Division of Morris. 
Appendix 3 
TOP-IX generated flow chart for SOP subprocess of Hoist Division of 
Morris. 
Appendix 4 
Complete result of TOP-IX on the "As-is" Manual model for Hoist Division 
of Morris. 
Appendix 5 
Complete result of TOP-IX on the new "To-be" Manual model for Hoist 
Division of Morris. 
-viii- 
Table of contents 
Appendix 6 
Sample of questionnaire distributed in Engineer Product Division of Morris. 
Appendix 7 
Input/output analysis of tasks in design team of Engineer Product Division 
of Morris. 
Appendix 8, 
Information flow charts for the SOP subprocess (Tender and Contract) of 
Engineer Product Division of Morris. 
-IX- 
Chapter 1 
1. Introduction 
Business organisations around the world are facing recessionary pressures and 
increasing competitiveness. Corporate restructuring and downsizing are common 
responses by organisations that have crossed the threshold for change to ensure their 
future viability. A fundamental unit of this change is the transformation of the 
business process, referred to as Business Process Reengineering (BPR). BPR involves 
the radical rethinking of procedures that may have existed for many years. The 
change is often made with explicit and tangible objectives of cost reduction and 
improved efficiency and effectiveness (Hammer-1993, Freiser-1992, Davenport- 
1990). 
BPR has become the senior manager's program of choice for achieving their strategic 
goals. Some reports show that 60% to 70% of large corporations are involved in BPR 
projects, and many others plan to begin projects soon (Butler-1994, Harvey-1994, 
Manganelli-1994, Klein-1993). Case studies show order-of-magnitude results, and 
one published academic assessment reports improvement of the order of "100 times" 
on some performance dimensions (Davidson-1993). The excitement about the 
potential of reengineering is so high that it may obscure its darker side. Consultants 
can not ignore that some reports estimate as many as 70% of BPR projects fail (CSC 
Index-1994, Hammer-1993, Belmonte-1993). Some argue that this high rate of failure 
is due to lack of proper methodology (Klein-1994, Manganelli-1994). Others point to 
other factors like; underestimating the time and cost involved in BPR (Douglass- 
1993), or lack of sustained management commitment, leadership and unrealistic 
scope and expectations (Bashein-1994). The author believes there is another 
possibility that different organisation types (Make-to-order, Make/Assemble-to-order, 
and Engineer-to-order) would have some impact on the results of BPR. 
All of the above mentioned factors for failure are greatly affected by the methodology 
designed and used for implementing BPR. As a result, a well-structured and easy to 
follow methodology would strongly help the user in reengineering. In addition, the 
use of a simulation package, as a tool for BPR, could help to provide a good 
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estimation of the performance factors involved (time, staff, and cost) and would 
inspire a more realistic expectation to the user. It could also be involved in evaluation 
of the impact of BPR in different types of organisations. 
In order to understand the high rate of failure and meet the above mentioned 
deficiencies in BPR, the next few objectives for this project have been defined: 
" To prepare a comprehensive literature review on business processes and BPR. 
" To prepare a comprehensive literature review of the methodologies for BPR. 
" To develop and test a well-organised methodology for BPR by means of industrial 
case studies. 
" To study the effect of company type and the proposed methodology on BPR. 
" To evaluate a modem BPR simulation tool and examine its validity in the 
proposed methodology. 
" To study the effect of Information Technology (IT) on BPR. 
1.1 Thesis organisation 
This thesis reports the work which was carried out, including literature review, 
methodology development, two case studies to examine the proposed methodology, 
analysis of the results, and evaluation of the methodology. 
Chapter two starts with providing the basic information for business processes and 
business process reengineering. Then, it describes the principles of BPR and the goals 
which can be achieved by implementing BPR. Later, the scope of BPR based on the 
amount of change expected is defined. A comparison between reengineering and 
incremental improvements is also made to clarify the expectation of the user, 
followed by another comparison between methodology and intuition to justify the 
usage of the methodology. 
Chapter two also presents the result of a comprehensive review on the existing 
methodologies and covers six well-known methodologies in detail. The evaluation of 
existing methodologies helped the development of the proposed methodology and 
enabled the researcher to clearly identify strengths and weaknesses of the proposed 
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methodology. Simulation is another topic discussed as an important tool for BPR and 
the areas where it can be used in the methodology is discussed. Finally, Information 
Technology is discussed to identify if it is an essential enabler for reengineering or 
not. This chapter is structured to describe the principles of reengineering and suggest 
some organisational factors which are needed to create the environment for successful 
reengineering. 
Chapter three describes the desirable characteristics which should be present in a 
successful methodology, and proposes a well-structured methodology for BPR. 
Although the methodology consists of four major stages (of preparation, modelling, 
redesign, and implementation) which are in other existing methodologies, it is placing 
these simple tools in a clear logical order to assist the BPR engineer. Quality Function 
Deployment (QFD) is a useful tool, which has been introduced in the methodology, to 
transfer the customer requirements clearly down to the redesign stage. The BPR 
processing chart is a new tool designed to illustrate a large amount of information in a 
single chart for the designer. The information would be on the input/output analysis 
of every activity, the category (runner, repeater, and stranger) and type (information, 
manual, and organic) of activities, and right sequence of activities going through 
different departmental boundaries. This chapter also covers a discussion of the effect 
that company type has on the BPR methodology. 
Chapter four presents some criteria for the selection of the case study. In the case 
study there are two aspects which will be reviewed. The first aspect is the company 
where the case study was carried out. The selecting factors regarding the company are 
discussed, and then a brief background about Morris Mechanical Handling Limited, 
the selected company, its divisions, and management are presented. Later in this 
chapter, the selecting factors regarding the simulation package (TOP-IX) are 
discussed. In the chapter there is also a detailed comparison between TOP-IX and 
other well-known packages on the market to justify the selection made. 
To study the application of BPR and to evaluate the proposed methodology, two case 
studies of different types of product division within Morris were carried out and the 
results are presented. Since the Customer Order Processing (COP) is an important 
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business process in direct contact with the customer and if properly organised it could 
have great impact on cost and company reputation, it is selected to be reengineered. 
The case studies are constructed for different type of company organisations. The 
similarities existing in cycles and activities involved in the make-to-stock and the 
make/assemble-to order type of organisations directed me to carry out one case study 
in a make-to-stock and another one in an engineer-to-order type of organisation. 
Chapter five covers the first case study, which is the application of BPR in a make-to- 
stock (can also serve for a make/assemble-to-order) type of organisation. A detailed 
description of the stages and steps of the proposed methodology to reengineer the 
SOP business process is documented. The methodology consists of determining the 
"As-is" model and the new "To-be" model. To study the effect of IT on BPR, two 
environments for this case study are considered. The first environment is the current 
situation, where they have already implemented an IT system (TRITON). For the 
purpose of this study this environment is called "IT-Based". The other one is the 
situation just before using the IT system and is called "Manual" because the 
information was carried around the firm manually. The "As-is" and "To-be" models 
for the two environments, of no IT system present and in presence of an IT system, 
are prepared. These models will help to further analyse the effect of IT system in 
BPR. The result has been analysed and appears to be satisfactory in testing the 
hypotheses set earlier for this project. 
Chapter six covers the second case study, which is the application of BPR in an 
engineer-to-order type of organisation. The "As-is" model for the SOP business 
process is carefully prepared. The information flow in the SOP is mapped in detail. It 
demonstrates how the activities are scattered throughout the organisation, and how 
information flow crosses departmental boundaries repeatedly. The new "To-be" 
model for the SOP is prepared. Some analysis and discussion of the model is 
provided in this chapter. 
Finally, chapter seven concludes the results of the two previous chapters and presents 
a full discussion of the application of BPR in different types of organisation. In 
addition the application of the proposed methodology, its advantages and 
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disadvantages in comparison to other methodologies is also presented. The effect of 
organisation types, the effect of IT on BPR, and the evaluation of the simulation 
package is included in this chapter. Finally some suggestions on possible future work 
to be carried out are included in the chapter. I 
1.2 Research methodology 
This study started in late 1992, when there was few articles about Business Process 
Reengineering (BPR) in the literature under different names (Kaplan-1991, 
Harrington-1991, Lucas-1991, Alter-1990, Davenport-1990, Hammer-1990). There 
were only a few ideas on rapid and radical improvements technique in business which 
some companies followed to be competitive and to remain in business. The literature 
survey for this study took about one full year, but still at the end of the year, there 
were not too many published documents on this subject. There were some reports of 
successful implementation of BPR performed by consultancy agencies which had not 
been placed in the public domain. 
The next step in this research was the development of an effective methodology for 
BPR. The review of literature presented a few documented methodologies. Among 
them six methodologies have been documented in considerable detail. They were 
selected to be a set of methodologies to be thoroughly investigated in order to 
highlight their significant advantages and disadvantages. After a couple of months, a 
methodology was proposed for BPR which included some tools and concepts used in 
the set of methodologies studied, and some new concepts were introduced to cover 
the deficiencies of earlier methodologies. There might be other methodologies for 
BPR developed and documented in the literature after this stage of time, which have 
not been included in the set of methodologies studied and compared here. One of 
these methodologies is the one presented by Butler (Butler-1994), which has been 
referenced in this thesis. Butler's methodology for BPR, as described in the literature 
review, has similar concepts and techniques to other selected methodologies. 
The proposed methodology was tested in an industrial case study at Morris - 
Engineered Product Division (EPD) Ltd.. It was not possible to follow the first and 
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last stages of the proposed methodology, because they require direct contact and 
discussion with the top managers of the company to sell the idea of reengineering to 
start with, and to implement the new redesigned model of the business at the end. For 
this reason the first and last stages of the proposed methodology were not thoroughly 
experimentally researched, although based on the case studies reported in the 
literature the required steps in these two stages have been developed in other studies 
(Harrison-1994, Manganelli-1994, Davenport-1993, Guha-1993, Hammer-1993, 
Harrington-1991). 
Initially the company documentation on procedures and sequence of activities 
performed were studied, and a few interviews were carried out. Unfortunately at the 
company the documentation has not been updated, and a unique procedure for 
performing the activities could not be validated through the interviews. At this point, 
a questionnaire was prepared and sent out to all staff involved in the specific business 
process under study. The questionnaire was summarised into a set of charts 
identifying all the inputs and the outputs to each major activity and the tasks involved 
in them. These charts are presented in section 6.3.1. Having these charts and after a 
few interviews with the managers a unique procedure for performing the business 
process was prepared that everybody agreed on. 
Following the stages and steps of the proposed methodology, the existing process was 
documented and analysed. A new "To-be" model was designed for this case study 
which seemed to have little effect on the performance improvement of the whole 
business process. This case study took about eight months to accomplish and is 
documented in chapter six of this thesis as the second case study. 
Since there were no quantitative results to support the arguments, it was decided to 
refine the proposed methodology by integrating a simulation technique into it. After 
reviewing a few simulation software packages, a deal was made with the TOP-IX 
company and their software was offered for this research on a loan agreement for 
short period of time. This package had all the requirements needed for a simulation 
tool set in section 2.6.1; like process documentation, process redesign, performance 
measurements, and communication. It was also compared with two other PC based 
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simulation packages and the comparison is documented in section 4.2.3. The process 
of review of a few software packages, selection and learning the TOP=IX took about 
four months. The TOP-IX simulation package was used for the next case study 
(Hoist). Unfortunately there was not enough time to use the package on the previous 
case study (EPD) to obtain quantitative results. 
At this stage another industrial case study was prepared at the Hoist division of 
Morris. The documented procedure of the business process under study was 
reasonably complete at this division. After reviewing the documented procedures and 
a few interviews, a unique procedure for performing the business process was 
attained. Since the required information was prepared very easily, there was no need 
for a questionnaire to be completed by everybody involved in the process. Using the 
refined methodology this case study was performed. Two new "To-be" models were 
designed for two different environments, and modelled on the simulation package. 
The whole process for this case study took a little over six months, and is 
documented in chapter five of this thesis as the first case study. 
-7- 
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2. Literature review 
2.1 Introduction 
In the last five years, a new idea has been developed. It is expected to make the 
organisation flexible enough to adjust quickly to changing market conditions, lean 
enough to beat any competitor's price, innovative enough to keep its product and 
services technologically fresh, and dedicated enough to deliver maximum quality and 
customer service; or at least some of these fantasies. 
This new idea has been named differently due to the different authors' background 
and its application. It has been called "Business Reengineering" (Hammer-1993, 
Alter-1990), "Business Engineering" (Meel-1994), "Process Innovation" (Davenport- 
1993), "Core Process Redesign" (Kaplan-1991), and "Business Process 
Improvement" (Harrington-1991). Some even believe it is not a new idea and has 
been around for many years under different names such as: "Departmental Purpose 
Analysis", "Process Modelling", Process Mapping", "Process Streamlining", "Waste 
Elimination" (Croxall-1995); and "Process Management" (Born-1994). 
It has been reported in the literature that there are strong tendencies by industry 
towards the BPR initiatives and an interest in a radical design of the process inside 
the organisation. Recent surveys indicate that around 60% to 70% of responding 
organisations are already involved in BPR programs (Klein-1993, Butler-1994, Index 
Group-1993, Broadbent-1993). The reported failure rate has been typically high too. 
Hammer estimates that up to 70% of all BPR projects fail (Hammer-1993). Belmonte 
states that less than 45% of all companies that try BPR are successful at achieving 
their intended goals (Belmonte-1993). This high failure rate may be due to a 
misconception of the time and expenses (Douglass-1993), or limited literature both in 
terms of quality and quantity and not having a clear picture of the activities (Craig- 
1992). Klein reviews the issue of BPR failure in his paper. He suggests nine fatal 
mistakes, of which some have been presented before. One mistake which has not 
been stated earlier is the "Lack of an effective methodology" for BPR (Klein-1994). 
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2.2 Business process 
2.2.1 Definition 
Probably the only issue in the literature that everybody agrees upon is the definition 
of process. It is believed to be any activity or group of activities that takes an input, 
adds value to it and provides an output to an internal or external customer. Melon 
defines it as "a bounded group of interrelated work activities providing output of 
greater value than the inputs by means of one or more transformations" (Melon- 
1992). The Innovative Manufacturing Initiative (IM» definition of business process is 
"the strands of activity which link a manufacturing company's operations to the 
requirements of its customers" (IMI-1993). 
2.2.2 History of business processes 
Initially in new and growing businesses the processes meet a need to serve a small 
internal staff and a number of customers, and are based on a number of essential key 
processes needed to complete the business activity of making money. As these 
organisations grew the responsibility for these processes is divided among many 
departments and additional checks and balances are often put in place. This division 
is often based on the philosophy of the division of labour by Adam Smith and the 
revisions it had by Henry Ford and Alfred Sloan at the start of this century (Harvey- 
1994). No one really understood what was going on, and no one could audit the 
growing business processes. Along the way, the focus on the external customer was 
lost. Consequently, the business processes became ineffective, out of date, labour 
intensive, and time consuming. 
2.2.3 What are business processes? 
As we look into an organisation to find its business processes, we may find some 
processes that are being performed within the functional boundary of the departments. 
These vertically aligned processes are normally simple and consist of a manager 
asking an employee to perform a specific task. They are after a subprocess of a much 
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more complex business process called cross-functional business process. The cross- 
functional business processes flow horizontally across several functions and 
departments and no single person is ultimately responsible for the entire process. 
Every organisation could have many cross-functional processes and hundreds of 
subprocesses within functions. 
In the literature, business processes have been defined both very widely and very 
narrowly. Porter identifies two activity types "primary" and "support" activities. The 
primary activities are those activities that interface with the external customer and 
add value to a product either by designing, manufacturing or by selling the product. 
The support activities are those activities that enable the primary activities to function 
(Porter-1985). Others have considered a third type of processes called "manage" 
activities (Veasey-1994, Pagoda-1993). The CIM-OSA standard also groups 
processes mainly into "manage, operate, and support" (AMICE ESPRIT-1989). This 
type of definition is very general and can not clearly identify the business processes. 
These types of general division have sometimes been further decomposed. Croxall 
primarily classifies business processes as: "development", and "operational" 
processes. Later he breaks down the development processes into; strategic business 
planning, business development/marketing, product development, supplier 
development, manufacturing and business system development, and people 
training/development. The operational processes would include; sales 
enquiries/tendering, sales order processing, material acquisition, manufacturing, 
customer invoicing, supplier payment, management and financial accounting 
(Croxall-1995). It is a quite clear identification of business processes, although 
depending on the size of the organisation may even be further broken down to create 
more business processes, or may be combined together to create fewer business 
processes. 
Jones has divided the key business processes into two classes: "delivery", and 
"support". Delivery in his definition are the customer facing processes, and support 
are those required to sustain the delivery function. He then divides the delivery 
processes into: product (service) development, customer order process, and product 
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(service) maintenance. The support processes includes: human resource acquisition, 
material acquisition, cash acquisition, business management, and the business 
acquisition. By "product development process" he means the development of new 
product from concept through research, development, introduction, update to 
withdrawal from the market. By "customer order process" he means the fulfilment of 
customer requirements for product from customer enquiry through invitation to 
tender, proposal, contract, production, distribution, installation, invoicing to debt 
collection (Jones-1994). This is a good classification which will be used for this 
study. 
Lucas in their mini guides define three top level processes. The first business process 
is the "Development and product introduction process" which includes: marketing, R 
& D, product design, and manufacturing system engineering. The second one is the 
"Manufacturing operations and material flow management process" which includes: 
materials logistics manufacturing management, industrial engineering, and 
maintenance. Finally the third one is the "Operations support processes" which 
includes: sales, finance, administration, personnel, and total quality support co- 
ordination (Lucas-1991). It looks like a functional classification, but they have 
introduced here the concept of the product introduction process. 
There are also some narrowly defined business processes like: product development 
process, order management process, financial management process, information 
management process, and human resource process (Gladwin-1994). Turner identifies 
the next five generic processes: identify customers' needs, secure business, obtain 
technology and skills, produce product and service, and supply to the customer 
(Turner-1994). IMI puts an extra process of learning and future skill supply of the 
organisation and lists the business processes as: new product introduction, logistics, 
corporate learning, and business planning (IMI-1993). 
Hammer suggests that every business has about seven core processes which include: 
product development, customer engagement, customer acquisition, order fulfilment, 
service, and manufacturing (Hammer-1993). Davenport's scan of organisations shows 
that there are 10-20 core business processes in two categories of operational and 
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management processes. Typical examples within manufacturing are: product 
development, customer capture, customer requirements identification, production, 
integrated logistics, order management, and post-sales service. Within management 
core processes would be performance monitoring, information management, asset 
management, human resource management, and planning and resource allocation 
(Davenport-1993). Harrington includes the following business processes in a typical 
organisation: new product development, product design release, production planning, 
materials management, hiring, billing and collections, after sales service, human 
resource training, and customer needs analysis (Harrington-1991). Although the last 
three classifications are from well known individuals in this area, they can not clearly 
identify the business processes and some seem to refer to functional types of 
processes. 
There has been some early work on the classification of business processes (Heard- 
1988). Heard has identified "four basic cycles" in any manufacturing enterprise 
irrespective of its size namely; book/bill cycle, purchase/produce cycle, 
design/develop cycle, and spec/resource cycle. The "book/bill cycle" starts with 
gathering customer requirements and translating them into actual sales order, and 
delivery promises to be met. Sales order would be added to the open order file and 
along with checking the customer credit, the pricing would be verified. Later when 
the order is ready, picking, packing, and shipping would be organised. Finally the 
invoice would be issued and sent to the customer. The "purchase/produce cycle" 
would include identifying sources and requests for material. Material then would be 
shipped to the facility, unloaded and received; then after the quality and quantity of 
materials have been verified they would be stored. At the proper time during 
production, the pick list would be generated and material would be transported to the 
place of use. On the shop floor material would be processed, inspected, counted, and 
moved. The equipment would be maintained, changed over, and cleaned. The tools, 
fixtures, and dies would be located. Finally the finished product would be checked 
and approved for shipment. The "design/develop cycle" starts with a definition of 
product by marketing based on the market analysis. Then the engineer would define 
the product and eventually will design it. For the purpose of verification of design, a 
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prototype would be developed and functional specification would be set. The 
engineering model will be developed and evaluated at 'the next stage, and a pre- 
production unit would be developed. At the end of the process, after evaluation of the 
manufacturing performance, process planning and process verification would be 
performed. The "spec/source cycle" is an environment where the specifications of 
required materials for the production would be developed. Fit, function, performance, 
quality, delivery, and price requirement would be established. After the make or buy 
decisions, the potential suppliers would be identified and contacted. Finally during 
the visitation to suppliers, they would be evaluated, and for selected suppliers long- 
term agreements would be signed. 
The latter classification is a complete detailed piece of work that can be classified as a 
business process. It has clearly identified all the activities and tasks involved in every 
business process, and will be used here to provide a clear mapping of any business 
process. 
For the purpose of this study, the concept developed by Jones of "customer order 
process", which is one of the important business processes in any organisation and in 
direct contact with the customer, is selected. This business process, as defined by 
Jones, covers all activities from receiving the order until fulfilling it. The author will 
also use the detailed description derived by Heard on business "cycles" for mapping 
the selected business process. As a result, the "Customer Order Processing" (COP) 
which is the business process selected for reengineering in this study is: the 
fulfilment of customer requirements for product from customer enquiry through 
invitation to tender, proposal, contract, production, distribution, installation, 
invoicing to debt collection. This definition covers all activities and tasks classified 
by Heard from ordering a product until that product is produced and delivered to the 
customer. 
2.3 Business process reengineering (BPR) 
2.3.1 Definition of BPR 
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This new idea was first echoed in the literature after an extensive study from 1984 to 
1989 conducted by the Sloan School of Management at MIT, and was published as a 
book under the title of "Management in the 90's". In their five layers model, 
illustrated in figure 2-1, the term "business process redesign" was used. It is the third 
level in the transformation model for moving the bankrupt organisations of the 80's 
into the new era of competitiveness (Venkatraman-1991). 
Degree 
of 
trans- 
formation 
5- Business Scope Redefinition 
4-Business Network Redesign 
3- Business Process Redesign 
...................................... 
2- Internal Integration 
1- Localised Exploitation 
Range of potential benefits 
Figure 2-1. five layer model (adapted from Venkatraman-1991) 
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Others followed up this path and elaborated on the result of this study. Hammer has 
also been known to be one of the early contributors to reengineering in his article 
published in the Harvard business review "Reengineering work: Don't automate, 
obliterate" (Hammer-1990). Later, in his book he defines reengineering as: "the 
fundamental rethinking and radical redesign of business processes to achieve 
dramatic improvements in critical measures of performance such as cost, quality, 
service and speed" (Hammer-1993). Davenport, another pioneer, uses the term 
"Process Innovation" he defines the same idea: "it involves stepping back from a 
process to inquire into its overall business objective, and then effecting creative and 
radical change to realise order-of-magnitude improvements in the way that objective 
Chapter 2 
is accomplished" (Davenport-1993). At Lucas industries, reengineering is known to 
be the fundamental analysis and radical redesign of everything to achieve dramatic 
performance improvements. By redesigning everything, they go further than business 
processes through management systems, job definitions, organisational structures, 
beliefs and behaviours (Harvey-1994). There has also been some misuses as the 
consultancy group Organisation and Technology Research (OTR) reports that many 
case studies they cited around reengineering were principally an automation or 
streamlining of existing procedures (Harvey-1994). Even Davenport reports that one 
of his clients has described its decision to supply employees with milk instead of 
cream as reengineering (Davenport-1993). 
2.3.2 Goals of BPR 
The rapid adaptation of BPR, despite its high rate of failure, is fuelled by its promise 
to make step-change improvement in business performance. The improvement results 
from: 
2.3.2.1 Improved customer satisfaction 
This is probably the most important benefit in any reengineering project. The term 
customer means the end-user of the product or service or any departments or sections 
within the organisation. Reengineering achieves this by making the structure of the 
organisation serve the flow of products and services through the organisation, not the 
functional departments. 
2.3.2.2 Cost reduction 
This goal is also important especially where high costs are damaging competitiveness. 
On the other hand, high cost also affects customer satisfaction especially when high 
cost means the product or service has high quality. If it is tried to reduce the cost, it 
means some quality is lost., As a result an attempt should be made to reduce the cost 
whilst the high quality is maintained. Reengineering aims to produce leaner and fitter 
companies which can easily adopt to new product and circumstances. 
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2.3.2.3 Improved product and service quality 
Increasing quality is a key factor in determining the market success of a product or 
service. Sometimes sales are made on the basis of quality rather than price. 
Reengineering accomplishes this by breaking the barrier of functional organisational 
structures where work is passed from function to function as a package. The 
responsibilities would then be centralised in one group rather than splitting over 
different departments. 
2.3.2.4 Harnessing skill 
Obviously a successful company is one that harnesses the full skills, knowledge and 
expertise of its workforce. In functional structures, an individual's position in the 
hierarchy often determines what is expected from him rather than the knowledge and 
expertise that he could contribute. Reengineering removes this. barrier by removing 
different layers of management and empowering individuals to take decisions. This 
would enable the company to make full use of the skills of its workforce. 
2.3.2.5 Reduced times 
By making work flow through and between different departments in a hierarchical 
functional structure, the wasted time in performing business processes is very high. 
Reengineering brings together those parts of the disparate organisation working on 
the same task into one group. A complete process would then be completed in one 
domain allowing everybody in that domain to focus on the effective operation and 
improvement of the process. 
2.3.2.6 Improving value-added 
Through a process of historical growth, many organisations collect bureaucratic 
functions of repetitive controls which add little value to the organisation. 
Reengineering would identify and remove such tasks from the workflows. It would 
create an organisation with a higher percentage of value added activities. 
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2.3.2.7 Faster responsiveness 
Much of today's business success comes from being able to react quickly to 
unexpected events. Horton believed that his major management concern for the 90's 
was to create a company that can "manage surprise" (Horton-1989). The functional 
management structures reduce ability to manage surprise by slowing down the 
decision-making procedures. Reengineering can empower business units to take 
decisions and thus increase the speed with which they react to events. It can also 
increase the speed by the removal of the time-wasting across functional transaction in 
the production process. 
2.3.3 Principles of BPR 
In order to become more familiar with Business Process Reengineering the principles 
of BPR, which nearly everybody in this domain agree upon, are reviewed below: 
2.3.3.1 Achieving step change in performance 
One of the common principles that links the pioneers of reengineering is the 
recognition that incremental improvements are not enough. Global competition calls 
for step change improvements in quality, service, faster response and lower costs. 
Davenport points out that reengineering is all about shifting from 5 to 10 percent 
annual improvements to "50 percent or even higher improvement levels in a few key 
processes. Today's firm must seek not fractional, but multiplicative levels of 
improvements" (Davenport- 1993). 
2.3.3.2 Moving from functional to process oriented organisation 
With functional structures of organisation, the work crosses functional, and 
sometimes divisional and national boundaries. This departmentalisation causes 
activities to run sub-optimised, and eventually do not allow the level of 
improvements possible for BPR. It calls for a different way of looking at operations 
based on the identification of core processes which can then be redesigned to achieve 
their transformation in terms of cost, service, quality and speed. 
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2.3.3.3 Create customer focus 
Reengineering philosophy assumes that the customer is the driving force behind 
process improvement. Hammer indicates that the seller does not have the upper hand 
and the customer now tells the supplier "what they want, when they want it, how they 
want it, and what they will pay" (Hammer-1993). This concept is equally relevant to 
internal processes where the customer is another person, or group within the 
organisation. 
2.3.3.4 Integrating work 
As an essential stage in reengineering, the activities are evaluated. Then the non- 
value-added activities are eliminated. The remaining activities are then simplified and 
integrated to create entirely new ways of working. Sometimes the solution achieved 
by giving one person the ability to handle a spectrum of operations . Or the solution 
is to create multidisciplinary teams. In any case, the emphasis is on concentrating 
responsibility for processes in as few hands as possible. 
2.3.3.5 Developing a process management culture 
The functional management based on hierarchical structures of organisation is 
incompatible with process-based organisations. The working practices, skills and 
management responsibilities must be redefined. More productive ways have to be 
found for harnessing the expertise of every individual within the company. 
Devolution of responsibility to those closest to the processes would be an effective 
example for developing the process management culture. 
2.3.4 Scope of BPR 
As the definition for reengineering covers a wide range, the exercise of BPR also 
covers a wide spectrum. Controversially, what earlier has been emphasised (Hammer- 
1993, Davenport-1993, Manganelli-1994) that BPR will and only will be suited to 
"radical change", it has also been applied with smaller goals in mind. The five year 
long studies into management methods at MIT suggested a wide range of business 
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reconfigurations as shown previously in figure 1 (section 2.3.1). It starts at the highest 
level with business scope redefinition, which could lead toward business scope 
enlargement or business scope shifts. Somewhere in the middle, it introduces the 
business process redesign, and at the lowest level it is the localised exploitation where 
even automation within a business function is considered. 
The central computers and telecommunications agency (CCTA) in their publication 
define BPR as radical transformation. They emphasise that it is not downsizing, 
restructuring, automation, reorganising, total quality management (TQM) or 
continuous improvement. Later, they draw a spectrum of improvements through BPR 
which at one end is the incremental change, and at the other end transformation of the 
business (CCTA-1994). The four divisions they define depend greatly on the amount 
of risk and change that is taken into account. As a result the amount of benefit that 
would be achieved is different as shown below in figure 2-2. 
High 
Process 
Redesign 
Change 
Business 
Transformation 
.............................. 
Incremental Business 
Improvement Creation 
0 Benefit/Risk High 
Figure 2-2. The spectrum of BPR exercise (CCTA-1994). 
"Process redesign" would be the design of a single value-adding business process. 
The benefit sometimes reaches up and sometimes even over 50% improvements in a 
smaller company, but in a large organisation most of the organisation remains 
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unchanged and the improvement would be marginal to total business performance. 
The majority of organisations adopt this type of reengineering. `Business 
transformation". This involves redesigning all aspects of the business and its 
activities and is the most radical form of reengineering. The scale of change is very 
high and significant improvements can be achieved. A small but growing number of 
organisations are adopting this type of reengineering. "Incremental improvement" is 
small step improvement (5-15%) in a process or tasks with in it. This type is better 
associated with TQM and kaizen. Finally "Business creation" is the creation of a 
totally new organisation. 
Harvey believes that it is not practical to contemplate reengineering as the total 
transformation of a business. Some companies, usually smaller organisations or 
divisions of larger companies, have transformed their operation from top to bottom. 
Others have been more cautious by picking off individual processes for 
reengineering. He then suggests two main types of reengineering: `Business 
Reengineering" which involves rebuilding the whole organisation, and "Process 
Redesign" where only one or two core processes are considered for reengineering. He 
supports this by the result of a survey carried out by Business Intelligence Limited. 
Nearly half of the respondents were planning to reengineer their total business over a 
period of up to five years and the remainder were planning to focus on one or two 
core processes (Harvey-1994). 
Sauer explores three forms of reengineering. "Process improvement" which is a 
traditional, conservative approach that performs small to moderate change to existing 
systems. "Process innovation" which is a rationalistic, radical approach that does not 
consider existing processes and starts with a clean slate. "Dynamic improvement" 
which is an evolutionary approach moving toward possibly radical change by 
incremental steps of trial and error (Craig-1992). Figure 2-3 summarises important 
characteristics of these three types of reengineering. 
The scope of reengineering is so broad that even some cases of using Electronic Data 
Interchange (EDI) has been reported as business process reengineering (Lim-1994). 
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Process Process Dynamic 
Improvement Innovation Improvement 
Overall change to Modest Large Small to large 
business process 
Quality of change Limited Radical Incremental / radical 
Frequency of One-off / One-off Continuing 
change continuing 
Type of effect Structural Cultural / Strategy / structure / 
adjustment / structural individual roles and 
cultural skills / technology / 
management process 
Approach to Planned process Strategic vision Strategic intent 
change guiding planned guiding 
process opportunistic and. 
heuristic process 
Starting point Existing Clean slate Existing process 
processes 
Typical scope Narrow within Broad cross- Broad cross- 
functions functional functional 
Time required Short / medium / Long Long 
long 
Participation Bottom-up Top-down Top-down / bottom- 
up 
Primary enabler Statistical control, Information Information 
information technology technology 
technology 
Risk Moderate High Low to moderate 
Figure 2-3. Characteristics of three forms of BPR (Sauer-1994). 
2.3.5 Reengineering vs. Incremental improvement 
In the early days when reengineering was introduced, everybody was writing about 
the radical improvement and the big changes and benefits it could present to the 
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organisation. Later, when not all the cases of BPR were successful, came the 
acceptance of the concept of implementation of incremental improvement along with 
reengineering. Clemmer, after an in-depth study into this case, states that: "choosing 
between process reengineering or improvement is about as useful as deciding whether 
to use only addition or multiplication. Both are needed" (Clemmer-1994). The 
incremental improvement programs (such as kaizen) have been around for some years 
and are generally termed continuous improvement (CI). 
The major differences between BPR and CI have been documented in the literature 
(Craig-1992, Davenport-1993, Sauer-1994, Kruse-1995). Where BPR seeks radical 
change through designing whole new processes (revolutionary), CI looks for 
incremental step-by-step continuous improvement to existing processes 
(evolutionary). While BPR is implemented top-down, CI is usually a bottom-up 
approach. Where a BPR project sweeps broadly across many functions or even the 
whole organisation, CI efforts are often within a single team or a few functions. 
While BPR drives behavioural change through structural change, CI does it through 
training and shifting the culture. Where BPR throws everything out and starts afresh, 
CI tries to analyse, standardise and improve upon the existing processes. 
Clemmer claims BPR is the most effective way for improvement when the 
organisation is in serious trouble. In other cases, it is very risky and besides the 
organisation, it would affect the customers, external partners, and suppliers. He adds 
that many multinational organisations have seen their Japanese counterparts 
outproduce them with inferior and outdated equipment. The Japanese were using 
"kaizen" in their plant (Clemmer- 1994). 
Even the performance improvement levels of BPR can be challenged by performance 
improvement levels of CI. If improvement levels for CI is set at 5-10% per year and 
for BPR at 50-100%. For the period of minimum two years and often up to five years, 
which is predicted by Davenport from design to full implementation of a BPR 
project, the improvements gained by BPR may not exceed that of CI (Craig-1992). 
2.3.6 Method vs. Intuition 
Chapter 2 
In applying reengineering, practitioners are divided into two main groups. The first 
group believe reengineering means starting over from scratch with a `clean sheet' of 
paper and redrawing the whole organisation regardless of historical constraint 
(Hammer-1993, Turner-1994, Caron-1994, ... ). They claim that a clean sheet offers an 
unrestricted opportunity for creativity and promotes new ' thoughts. It would also 
release the bounds by past cultural paradigms and produce a vision of the future 
unrestricted by the way things happen now. They argue that methodology would 
include a set of rules that dictate what to do, how to do it, and when to do it. It would 
lead to a situation where it is obvious from the beginning and there is no chance of 
breakthrough thinking. 
On the other hand, the other group define methodology as, "a coherent set of 
activities, guidelines and techniques that can structure, guide and improve a complex 
design process" (Meel-1994). Hammer, one of the pioneers, discovered that some 
companies were gaining incredible breakthroughs in performance improvement and 
named this phenomena "reengineering" (Hammer-1994). The difficulties encountered 
in the "clean sheet" approach are reflected in a report published by Hammer's own 
company. CSC Index reports on a survey of over 600 US and European companies 
that over 67% had poor success rates for BPR projects (CSC Index-1994). Klein 
argues that the intuitive tells you where to go, but the methodological approach tells 
you what to do to get there. He continues to question the effectiveness of intuitive 
promises and states that most of the reported case studies were of necessity intuitive, 
because no methodologies existed at the time the projects were done (Klein-1994). 
Other methodologists defend methodology by expressing that ideas, even 
revolutionary ones, could not be developed in a vacuum. There needs to be a frame of 
reference, to know what has been done and understand the failure of current practices. 
It is also reported that reengineering is a team work activity and there needs to be 
some guidelines and techniques to control the team work, while the clean sheet 
approach is "a single visionary, ... and ... effectively uncontrolled" (Manganelli- 
1994). 
Simsion reveals eight reasons for using a methodology. The most significant ones are 
as follows (Simsion-1994): 
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" Methodology provides a means of documenting experience and ideas in a form to 
be evaluated and tested. 
" Methodology facilitates planning and monitoring, and its usage on several projects 
would build a base for comparison and estimating. 
" When a clear definition of steps and their deliverables are established, the user 
could contract out any individual tasks. 
" Adoption of a methodology would also allow a standard set of required skills to 
be identified and, in a planned manner, enable experts to be hired or developed. 
" Methodology would also provide assurance for the prospective user that they are 
approaching the task in an organised manner. 
2.3.7 Different methodologies 
There have been different views on methodology for BPR. Some practitioners have 
stated similar and brief steps for performing BPR that lack the required detail or any 
guidelines to fully explain the procedure. At the end, the applicant is left wondering 
where and how to start. Some typical examples are as follows: 
IBM and Kaplan propose the following five steps; develop strategy, identify key 
processes, analyse existing processes, develop an improvement plan, and implement 
(Kaplin-1991, Snowden-1991). Lyons propose a four-stage methodology of process 
identification, process baseline measurement, process benchmarking, and new 
process design without considering implementation, and performance measurement 
and problems that may occur (Lyons-1995). Another four-stage methodology is 
documented by Ross. He starts with identifying the processes which are critical to 
business, then determines the current process performance. The next step is defining 
the requirements of those processes and finally reengineering to close the gap 
between current and required capability, either through process modification or 
complete re-invention (Ross-1994). Even Harvey, who has documented seven 
detailed case studies of consultancy company experience, only lists the following 
four-stage methodology without any detailed steps in every stage. It includes the 
strategic review, core process definition, establishing performance targets, and 
launching the program (Harvey-1994). 
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Another group of analysts have broken down the BPR methodology into more stages, 
but theirs also lack the required details or guidelines. Berrington, for example" 
identifies six stages with some narrative explanation for each stage. They include 
commitment, analysis, decision, design, implementation, and monitoring (Berrington- 
1995). Mike Dale, a consultant, gives some value to the customer of the process and 
his proposed approach includes: determine customer requirements, identify major 
processes, benchmarking, describe and redesign processes, specify the process, 
implementation planning, and finally run-up period (Business intelligence-1992). 
Butler presents, what he calls, a "generic model" with eight successive stages. In 
every stage he calls on some successful case studies and the benefits derived from his 
approach (Butler-1994). This generic model is illustrated in Figure 2-4. 
process 
Figure 2-4. Butler's generic model for BPR. 
There are others who have derived better methodologies for BPR. They put the 
emphasise in their methodologies on the activities. Doyle is one of the pioneers who 
provides implementation guidelines to the BPR analyst. In a paper, presented at the 
BPICS conference, he reports that in MCD Consultants their emphasis in business 
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process redesign is on a thorough examination of the fundamental key value adding 
activities. He believes once these key activities have been identified, they can be used 
as the basis for the restructuring of the organisation (Doyle-1992). Doyle's 
methodology consists of the following stages: 
I. Understanding the processes which operate within a function. 
H. The next step is to search for the key value adding activity. Doyle defines the value 
adding activity as one where a material transformation takes place and the one 
with maximum change is called "Key Value Adding Activity" or "Basic 
Transformation". In fact all the other activities are only carried out to support the 
basic transformation and are called "Support Activities". 
UI. The third step is to separate the value-adding and non-value-adding activities and 
try to eliminate or minimise the non-value-adding activities. Then it should 
become clear which activities are linked to the basic transformation. Having the 
relationship between activities they can be formed into groups casually linked to a 
basic transformation. These groups are known as "Whole Task". 
IV. The final step is to form a working group of people capable of performing all 
processes within a whole task. The result is known as "Whole Task-Group". Later 
these different whole task-groups can be linked together to form larger 
organisational units. 
Doyle clearly identifies the concept of "Key Value Adding Activities". In his 
methodology he tries to separate Value-Adding (VA) and Non-Value-Adding (NVA) 
activities and he works on the elimination or minimising of the NVA activities. This 
approach will be used later in the methodology proposed in this research. 
Hahm is another analyst who presents a methodology with emphasis on activities and 
suggests usage of a tool. But his methodology still lacks the implementation and 
performance measurement stages. In his systematic, analytic and iterative approach he 
tries to build up a master plan for reengineering. His seven-stage methodology starts 
with: 
" The selection of the objectives of the plan 
" Build up of hierarchy of business tasks 
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" Evaluation of business process 
" Evaluation of relationship among tasks 
" Impact analysis 
" Establishment of a reengineering plan 
" Estimation of expected results. 
He uses the Analytic Hierarchy Process (AHP), as a weighting scheme, to weigh 
different processes and compare them together. AHP is a highly developed 
mathematical system for priority setting. The team would create a matrix with the list 
of all business processes along the left side and the objectives of the master plan 
along the top. For each objective of the master plan, weights of all processes are 
evaluated by pairwise comparison. The total weight of a process is the sum of weights 
of the given process for all objectives. At the last stage, if the expected result is not 
satisfactory it would go back to a previous stage to modify the targets and then 
continue the process (Hahm-1994). 
Ham has established his methodology based on the AHP, which is used for the 
evaluation of business processes. It is good tool for priority setting and will be used in 
the proposed methodology in this research. 
Six well documented methodologies were identified that would have an influence on 
this research. These six are detailed in the next few sections of this chapter. There 
will also be some discussion on the advantages and weaknesses of these 
methodologies which later would be helpful in constructing the proposed 
methodology resulting from this research. 
2.3.7.1 Lucas methodology 
Lucas Engineering and Systems in their Mini Guides talk about manufacturing system 
redesign. Their argument is to survive in today's market competition, you have to set 
your target high and go for a radical change. In their methodology, the non-value- 
added activities, which are not a direct requirement of the customer and usually are a 
consequence of bad system operation, are eliminated. They suggest a four-step 
approach for waste elimination namely (Lucas-1991): 
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" Simplify the systems 
" Eliminate waste 
" Re-organise into Natural Groups 
" Technology improvements 
Another idea which is introduced here by Lucas is "Natural Group". Natural Groups 
are analogous to manufacturing cell design, because they represent a permanent 
multi-disciplinary group. Defined in the miniguides "A Natural Grouping is a multi- 
skilled group or team who own a WHOLE flowchart and should thus sit together in 
one office, area or cell". Considering the Product Introduction Process (PIP) as one 
business process, the business model based on natural group and its building blocks is 
illustrated in Figure 2-5. 
The following five-stage systematic approach is introduced to redesign a 
manufacturing system (Parnaby-1991). 
1. Assess Market Need- The first stage would be a review of marketing and business 
strategy to set world class performance targets such as: 
" reduction of stock by 75% 
" reduction of overhead staff by 50% 
" reduction of lead times by 80% 
" improvements of quality levels by 75% 
" reduction of no value added or wasteful activity by 60% 
" reduction of the numbers of specialist job grades by 70%. 
II. Products and Manufacturing Process Analysis- The second stage is the 
evaluation of the current manufacturing systems using such tools as; input-output 
and flowchart analysis, from-to analysis, and waste identification. The runner, 
repeater, and stranger processes and process capabilities are determined as well as 
the changeover times and tooling statistics. 
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Figure 2-5. Process team building blocks. 
III. Steady State Design- The system is designed for average volume rates and 
product mix needed to meet market demand, typically over the period of three 
years. Using the principle of natural groups, the cellular manufacturing systems 
with defined customer-supplier relationship will be created. 
IV. Dynamic Design- Later, the average steady state system design is modified to 
allow for change, variation, and maintenance requirements. The final design also 
considers flexibility to allow for the volume and mix change which exists in the 
real world. 
V. Integration, and Control System Design Process- Kanban and period flow are 
two mechanisms which is used for cellular materials flow. The suitable 
information technology to match the business processes are chosen and later the 
JIT-MRP is adopted. 
The Lucas methodology has some good points for the analysis of the current situation 
and the redesign stage. It does have several new tools introduced in the second stage 
which helps the user. The waste identification concept, the input/output and flowchart 
analysis, the runner/repeater/stranger concept, and natural groupings are some good 
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tools and concepts, which make a strong case for this methodology. One of the 
weaknesses is the lack of usage of new technology and tools available today. It is also 
rather mechanistic taking little account of human issues. It has been accused of being 
too close to the Japanese approaches without taking British cultural issues into 
account. The concept of Information Technology (IT) and all possible tools it can 
bring forward in the analysis and the redesign stages is missing. "Another weakness 
noticed here is lack of organisational structure, roles, and 'accountability for the 
reengineering project. It is not clear who would be responsible for the whole project 
and different stages. Is it a single individual in charge of decision making or a group? 
2.3.7.2 Davenport and Short methodology 
Davenport in his paper presents a five-stage approach to redesign business processes 
using the capabilities of information technology (Davenport-1990). 
I. Develop Business Vision and Process Objectives- In most successful redesign 
examples, the company's senior management had developed a broad strategic 
vision into which the process redesign activities fit. It is not right anymore to have 
rationalisation as the major objective and try to eliminate obvious bottlenecks and 
inefficiencies. Instead there should be some objectives related to the specified 
business vision like; Cost Reduction, Time Reduction, Output Quality, Quality of 
Worklife (QWL)ILearning/Empowerment. 
II. Identify Processes to Be Redesigned- For the next stage, there are two major 
approaches; the exhaustive approach, and the high impact approach. The 
exhaustive approach attempts to identify all processes within an organisation and 
then prioritise them in the order of redesign urgency. On the contrary, the high 
impact approach tries to identify only the most important process which have great 
impact on the organisation. 
III. Understand and Measure Existing Processes- This stage can be justified by 
having two primary reasons for its existence. First, problems must be understood 
so that they will not be repeated. Second, accurate measurement can be used as a 
basis for future improvements. 
IV. Identify IT Levers- The major role of IT is the capability of improving co- 
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ordination and information access across organisational units. As a result, IT can 
be used in the early stages of process redesign rather than, developing an IT system 
that matches an existing process. 
V. Design and Build a Prototype of the Process- It should be kept in mind that the 
last stage is not the final design stage of the process, but it is a prototype and 
successive iterations should be expected to refine the design. The key factors in 
process design and prototype creation include; using IT as' a design tool, 
understanding generic design criteria, and creating organisational prototypes. 
It is also suggested that the redesigned process, after agreement by the process 
owners, be implemented on a pilot basis (probably in parallel with existing 
processes), examined regularly for problems and objective achievement, and 
modified as necessary. The full implementation of the process would be later, when 
final acceptance of the process is reached. 
The Davenport methodology puts the stress on IT. Stage N is completely dedicated 
to IT to show the importance and the capability it could have in reengineering. 
Another good concept, introduced at stage II, is the identification and selection of 
business processes for redesign. He proposes two major approaches to select the best 
process for redesign namely the exhaustive and the high impact approaches. It is not 
clear who makes decisions and how decision are made to use these approaches. There 
are other deficiencies in this methodology like; lack of organisational structure, roles, 
and accountability for the project, and lack of a practical tool for measuring 
performance of existing and redesigned processes. Another problem is the high cost 
and time involved in design and build of prototype for testing. This will certainly 
affect the user implementing BPR. 
2.3.7.3 Harrison and Pratt methodology 
Harrison, vice president of a consulting firm, in his article presents a proven 
methodology for reengineering and claims that it has been tested. He claims that, for 
every successful transformation there is a clear' need for defined organisational 
structure, roles, and accountability (Harrison-1993). Then he defines the four 
following groups: 
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A) Executive Steering Committee- This committee contains the CEO and the senior 
management team who set the goals, assign the resources, expedite progress, 
support change, and remove barriers. 
B) Process Evaluation Teams (PETs)- They are cross-functional teams who provide 
the baseline, benchmark the existing process, construct the vision for the future 
process, design the improvements, and oversee the implementation. A PETs 
subteam will be organised when needed to resolve complex problems or capitalise 
on high-potential opportunities. 
C) Line Management- They provide resources to the change effort and then 
implement the agreed changes. Since implementation is the most difficult part in 
any change program, line management will be actively involved. 
D) Consultants/Facilitators- They are external consultants who assist the 
organisation in designing the programs, training, and facilitating the teams. They 
also provide tools and methodologies and import technical knowledge to the 
organisation. 
The methodology that Harrison presents contains the following seven-stages and is 
illustrated in Figure 2-6. 
I. Set Direction- As the first stage, the executive steering committee decides which 
business processes will be redesigned, in what order, and by which team. They 
also set macro targets for overall performance improvements. Next they select the 
leader and PET team members and brief them. 
II. Baseline and Benchmark- In this stage the process evaluation teams (PETs) will 
learn all the ins and outs of the existing process, supplier and customer of process 
and their requirements. The PETs also map the "as is" process flows, activities and 
technologies. Then, they establish a baseline for transaction volumes, cycle times, 
defect rates, and costs. They benchmark the practice and performance of other 
comparable organisation in order to set their goals. "Early Wins" will surface from 
baseline analysis. These opportunities, are very critical because they demonstrate 
the value of the methodology. 
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Figure 2-6. Structured Methodology for Process Change 
III. Create the Vision- Now, the PETs begin to visualise the future process. This 
requires that every member breaks out of conventional thinking and try to spend 
time interpreting the benchmarking results, understanding marketplace and 
industry trends, and familiarising themselves with emerging information 
technologies. Once the vision has been created, the PETs document their ideas and 
report the future process to the steering committee and line management. 
IV. Launch Problem-solving Projects- The PETs will start this stage by initiating 
projects to investigate detailed problems or capitalise on high-potential 
opportunities. Detailed problem-solving projects are assigned to the temporary 
PETs subteam under the leadership of a PET team member. This approach will 
expand the resources available to the PETs and allows them to stay focused on 
overall process issues. On the other hand, since the PETs subteam member, who 
are close to the problem, are included on the team, they can have an overall view 
of the whole issue. 
V. Design Improvements- At this stage, PETs will begin to combine their analysis 
and develop a comprehensive plan for process improvement. They prepare a 
blueprint of future process and supporting technology architecture. In addition, 
they prepare an action plan describing how the blueprint and architecture will be 
implemented. They also establish process performance measures and targets. 
Problem 
Solving 
ýý 
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Included in the action plan documentation is the justification for any capital 
investments. Finally, they set the implementation agenda for the line management. 
VI. Implement Change- As shown in figure 2-6, the implementation stage begins 
with "Early Wins", and continues with "Problem-solving Projects". Full-scale 
implementation starts with assigning change accountabilities to line managers and 
setting targets and timetables for improvements. 
VII. Embed Continuous Improvement- The final stage is to embed teamwork 
behaviour throughout the organisation. These behaviours include upward, 
downward, and lateral communication; ongoing measurement and team review of 
performance against defined targets; and continuous improvement of performance. 
This methodology does not end here. The PETs become the permanent organisational 
groups and custodians of their respective processes. They also monitor regularly the 
process performance, benchmark best practices, and make continuing 
recommendations for process improvement. 
There are two good points made in this methodology. First of all, a good 
organisational structure is established for the reengineering project consisting of 
executive committee and evaluation team down to line management and even 
consultants. Later, in different stages of the methodology the role of each individual 
or team is defined. The next point is the link with continuous improvement. The same 
evaluation team, who technically oversaw the redesign and its implementation, would 
look for any opportunity of process improvement. The biggest problem for the 
process designer is the general statements made at every stage without mentioning 
any detailed practical tools or guides to be followed. Another difficulty is the high 
cost and time involved for implementation before obtaining solid quantitative 
performance improvements. 
2.3.7.4 Guha, Kettinger and Teng methodology 
Guha in his article published in Information System Management magazine has 
introduced a more complete reengineering approach which is referred to as the 
Process Reengineering Life Cycle (PRLC). He has developed six major stages and in 
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each stage several steps are considered which is shown in Figure 2-7 (Guha-1993). 
Figure 2-7. Six-Stage Process Reengineering Life Cycle 
I. Envisioning New Processes- This, stage involves the organisation's leaders and 
makes them re-examine how to run the company as if there was no constraints. 
This requires a creative re-examination of how work is done and how it could be 
done. The major steps which are involved in this stage are: 
" Securing Commitment from Senior Management- Since the effort of 
organisation's leaders are required in guiding the direction of the new processes 
and selling the project to employees, they should believe in the success of the 
reengineering project. The major task, then, is to present the potential benefits and 
cost savings to the senior management in a way that management will be 
receptive and committed to the success of the project. 
" Identifying Reengineering Opportunities- In order to identify the reengineering 
opportunities, either a comprehensive or targeted method can be used. Although 
the comprehensive approach is time consuming and may direct the team's 
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attention from the true goal of reengineering, it provides an equal opportunity to 
study the whole organisation. 
" Identifying Enabling Technology- With the technological progress in the data and 
communications domain (such as local area network (LANs), client server 
architecture, electronic data interchange (ED», and executive information systems 
(EISs)), the IT is being used more favourably. At an early stage in the 
reengineering the enablers of IT should be identified and examined. 
" Aligning with Corporate Strategy- The next step is to compare the BPR 
opportunities and IT enablers with the strategic goals of the organisation. This 
will ensure that the present or potential IT competencies and the infrastructure of 
the organisation are in line with both external and internal strategic arrangements. 
II. Initiating Change- This is the next stage which ensures that careful preparation is 
performed in the direction of radical change. It is covered through the next two 
steps: 
" Organising the Reengineering Team- Management should first appoint a director 
for the reengineering project who will be responsible and accountable for results. 
The director will assemble and assign multifunctional task groups. These task 
groups with their specialisation can be introduced to the project at different levels 
of progress of the project, or alternatively can be assigned to study one process 
from its starting activity to its end activity which may even extend beyond the 
organisation's external boundaries. 
" Setting Performance Goals- In order to determine the level of success of the 
project, the performance of each new process should be measured and compared 
to that of the old process. There are several elements which can be measured like; 
time, cost, number of defects, financial success, and others depending upon the 
process being studied. The goals must also be ambitious and radical. It is normal 
to set performance goals of 50% to 60% improvement in cost and productivity, or 
reduction in staffing by one-half. Many reengineering consultants suggest that this 
type of performance goals will create the necessary momentum to depart from the 
status quo. 
III. Diagnosing the Existing Process- The third stage is the in-depth investigation of 
the business process selected for reengineering. It will include two distinctive 
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steps. 
" Documenting the Existing Process- Probably one of the most obvious steps is 
understanding how an existing process works. In documenting a process the 
following criteria must be met: 
-Picture the process from start to finish, which may cover several 
functions, department, users, and external linkages. 
-Identify all components of the process. 
-Document the performance of the process in terms of customer 
satisfaction, inventory turnover, cycle time, waiting queues, defect rates, 
activity times, transfer rates, and priority rules. 
-Decompose a large process into a set of subprocess and assign team 
members to the appropriate subprocesses according to their expertise. 
" Uncovering Pathologies- Process pathologies are non-value-added activities, 
business policies, and bureaucracies that decrease the overall effectiveness of a 
process. One way of uncovering such pathologies is to graph the performance 
variables set in the earlier stage. One technique used is the process design tools to 
generate PERT charts or process-activity network diagrams which would be used 
to analyse and model the existing process. 
IV. The Redesign Stage- The next popular stage is the redesign stage which normally 
is achieved for performance improvements in the area of time, cost, productivity, 
and quality. The following steps are a systematic approach to redesigning a 
process. 
" Exploring Alternative Designs- Alternative designs will be explored and for each 
solution a different work flow activity, staffing, and cross-functional support is 
planned. Later, the reengineering team will investigate the alternative solutions 
and consider IT applications which support each alternative. 
" Designing New Processes- In redesigning the process successfully, certain 
questions should be asked constantly like; why a certain task is done, what are 
better ways of doing it, who should be responsible, and which information 
technology best supports the redesigned process. Redesign focuses normally on 
leveraging time. A great amount of time can be saved by eliminating multiple 
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approval levels and non critical control checks, by integrating data processing into 
the work which produces the information, and by eliminating wait buffers and 
integrating multiple tasks. Another important redesign possibility is the 
substitution of sequential activities for simultaneous ones. 
" Designing the Human Resources Architecture- Process redesign would certainly 
affect the organisational structure of the business. The subunit divisions of an 
organisation should support the processes as much as possible. Reorganising 
these subunits to minimise unit interdependencies will be a good potential for 
reducing costs and improving productivity. 
" Prototyping- This step will be very helpful for determining the system 
requirements and creating rapid feedback. It also demonstrate proposed redesigns 
that would, otherwise, be difficult to understand. CASE tools have the capability 
for developing rapid prototyping. 
" Selecting an IT Platform- There are certain factors influencing the selection of an 
IT platform to support the redesigned process namely; integration, co-operation, 
ease of migration, adaptability to new technologies, and enterprisewide 
information access and sharing. The IT platform selected must also outline the 
hardware decisions, software decisions, and data architecture. 
V. Reconstruction- The next stage is the actual implementation of the change. 
Normally a small-scale pilot project will initiate the change. In case any problem 
arises, those people that were involved in the redesign process will again be 
committed to solve the problems and facilitate the installation. The two steps 
involved in this stage are: 
" Installing IT- The first major step in the reconstruction stage is the deployment of 
new systems to support the newly redesigned process. In extreme cases, the 
existing system and technology are replaced entirely with new hardware platforms 
and application programs. Another option is software reengineering which is the 
process of redesigning and using the existing system. 
" Reorganisation Step- This step focuses on a smooth transition to the new 
organisational structure consistent with the newly defined processes. This new 
organisation design combines such improvements as; subunit organisation, job 
rotation, staff reduction, and the empowerment of remaining employees through 
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training and educational programs. 
VI. Monitoring, the Newly Constructed Processes- This final stage, with its two 
distinct steps, focuses on performance measurement of the process and quality 
improvement. 
" Performance Measurement- In order to determine the success level within the 
reengineering project, the new process should be measured for time, cost, 
productivity, quality, and capital. In general several aspects of the organisation 
must be continually controlled and monitored through hard measures and soft 
measures. Hard measures that can be monitored are; process performance (cycle 
time, customer service, and quality), IT performance (software complexity, 
information rates, downtime, system use, and paper reduction), productivity 
indices (performance of employees, production, and service operation). Soft 
measures that can be monitored are; morale, and customer good will. 
" Link to Quality Improvement- Although there is a major difference between 
reengineering and total quality management (TQM), where reengineering goals 
are radical and TQM aims at incremental gains, the fundamental link would be 
the continual monitoring. This continual monitoring could even be provided in 
the early stages of deployment and the feedback could be used in the diagnosis 
stage as illustrated before in Figure 2-7. 
The feedback loop would be helpful in fine-tuning certain aspects of the new process 
and associated IT until acceptable performance gains have been achieved. 
This methodology is one of the most detailed documented methodologies existing in 
the literature. It has broken, the six major stages of the methodology, down into many 
steps to help the user clearly find his way in the reengineering project. In some of the 
stages it clearly states the practical tools required, in some stages specifically the 
redesign stage, which is the core of every reengineering project, it lacks the necessary 
tools. It also gives good weight to the reengineering team as well as the IT right from 
the start of the project down to the last stage. In order to avoid the high cost and time 
involved in implementation, it has even tried to build in a rapid prototyping scenario 
through a CASE tool. But it does not have any practical suggestion on the software to 
be used or even mentioning how hard it would be to design a model using a CASE 
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tool. Finally, it links the BPR to TQM through continual monitoring of 
improvements to the process which is a required step in the competitive market of 
today. 
2.3.7.5 Manganelli and Klein methodology 
Manganelli and Klein propose a five-stage methodology which includes fifty four 
steps and call it "Rapid Re" (Manganelli-1994). They claim it has been designed to be 
used by reengineering teams in business organisations without heavy dependence on 
outside experts. This methodology consists of the following stages. 
I. Preparation-This stage begins with the development of an executive accord on 
breakthrough business goals and objectives that represent the purpose for the 
existence of the project. It establishes the essential linkage between business goals 
and reengineered process performance. It also assembles and trains the 
reengineering team and produces the initial change management plan. 
H. Identification- In the next stage a customer-oriented model of the business is 
developed. The whole process is reviewed and the strategic value-added ones are 
identified. Through some other steps, results such as; organisation process maps, 
resource lists, volume and frequency data are produced. 
III. Vision- Then, a process vision capable of achieving breakthrough performance 
for the selected processes is developed. The current process elements, 
comparative measures of current process performance, improvement 
opportunities and objectives are also identified. At last the definitions of what 
changes are required and statements of the new process vision produced. 
IV. Solution- This stage is actually divided into two nearly parallel sub-stages 
namely; technical design and social design. Technical design produces 
descriptions of technology, standards, procedures, systems and controls. While 
social design produces descriptions of organisation, staffing, jobs, career paths, 
and incentives. Technical design would also produce preliminary plans for 
development, procurement, facilities, tests, conversions, and deployment. While 
social designs would also produce preliminary plans for recruitment, education, 
training, reorganisation and redeployment. 
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V. Transformation- The final stage would be to conceive the process vision by 
implementing the process design produced in the previous stage. At this stage 
pilot and full production versions of the reengineered process and continuous 
changes are produced. 
There are many steps listed for every single stage on this methodology which are 
illustrated in Figure 2-8. 
4A- Solution: Technical 
Design 
I. Preparation 
-Recognize need 
-Executive workshop 
-Train team 
-Plan change 
2- Identification 
-Model customers 
-Define & measure 
performance 
-Define entities 
-Model processes 
-Identify activities 
-Extend process model 
-Map organisation 
-Map resources 
-Prioritize processes 
3. Vision 
ý 
-Understand 
process structure 
-Understand 
process flow 
-Identify value- 
adding activities 
-Benchmark 
performance 
-Determine 
performance 
drivers 
-Estimate 
opportunity 
-Envision the 
ideal (external) 
-Envision the 
ideal (internal) 
-Integrate visions 
-Define subvisions 
-Model entity relationships 
-Reexamine process linkages 
-Instrument and informale 
-Consolidate interfaces and information 
-Redefine alternatives 
-Relocate and retime controls 
-Modularize 
-Specify deployment 
-Apply technology 
-Plan implementation 
II 4B- Solution: Social Design 
Empower customer contact persoc -Empower customer contact personel 
-Identify job characteristic clusters 
-Define jobsheams 
-Define skilla and staffing needs 
-Specify management structure 
-Redraw organisatwnal boundries 
-Specify job changes 
-Design career paths 
-Define transitional organisation 
-Design change mangement program 
-Design incentives 
-Plan implementation 
ý - 
u 
Figure 2-8. Methodology's stages and activities 
S- Transformation 
-Complete business 
system design 
-Perform technical 
design 
-Develop test and 
rollout plans 
-Evaluate personnel 
-Construct System 
-Train staff 
-Pilot new process 
-Refine and transition 
-Continuous 
This methodology consists of fifty four steps in five stages which is a quite detailed 
step by step approach for reengineering. It concentrates on activities and in one of the 
steps (the third stage), it mentions the identification of VA activities. Unfortunately it 
does not clearly introduce any practical tools and concepts for the implementer to use 
in the design stage. Although it never talks about IT, in the last step of design stage it 
has the "Apply technology" step which probably means the new technology. Even if 
we accept that it is applying IT, it is very late in the design stage (last step just before 
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the plan implementation step), where every single attempt toward redesign is 
performed. For testing and evaluation of the new design, it has the "Pilot new 
process" step which is implementation of the new design but on a small scale in the 
organisation. This will result in the high cost and time involved for the evaluation and 
probable refinement of the new design. Finally at the end it links the reengineering 
project to continuous improvement, which is a good point for this methodology. 
2.3.7.6 Harrington methodology 
Although Harrington uses Business Process Improvement (BPI), later in his book he 
talks about Incremental and Breakthrough improvements. For this reason the concept 
he follows and the methodology he proposes is what is called in this study 
reengineering. During his five-stage methodology he suggests forming two working 
teams. Executive Improvement Team (ET) which would be responsible to oversee the 
improvement effort. This team should be chaired by the business unit head and 
consist of all people who report to him. The other team is Process Improvement Team 
(PIT). It will be responsible for designing and continuously improving its assigned 
process and include representatives from each department involved in the process 
(Harrington-1991). His methodology includes the following stages: 
I. Organising for improvement. The main objective of this stage is to ensure 
success for the improvement process by building leadership, understanding the 
business strategy, and commitment to perform. 
II. Understanding the process- At this stage all dimensions of the current business 
process are understood. Flowcharting is used widely to graphically represent the 
activities that make up the process. Later, several characteristics of business 
process like; flow, efficiency, effectiveness, cycle time, and cost are studied. This 
information provides the basis for streamlining the process and the required 
database to make informed decisions. 
III. Streamlining- The third stage is to improve the efficiency, effectiveness, and 
adaptability of the business process. It suggests the trimming of waste and excess, 
attention to every minute detail that might lead to improved performance and 
quality. It also provides the smoothest flow, and the least resistance to progress. It 
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goes through several activities to eliminate bureaucracy, reduce Non-Value-Added 
activities (NVA), simplify the process and subprocesses, and make the process 
error free. 
IV. Measurements and controls- This stage is necessary to implement a system of 
control for the ongoing improvement process. It starts with developing in-process 
measurements and targets. The results are used through a feedback system to audit 
the process periodically. Poor-Quality Cost (PQC) is used as a tool to reduce the 
losses caused by poor quality. It gets management attention because it talks in 
terms of money lost due to poor quality, and it changes the way employees think 
about errors. 
V. Continuous improvement- In order to implement a continuous improvement 
process, process qualification is established. This sets minor targets along the way 
and shows the progress made. Then the benchmarking process evaluates the 
improvement against the competitors and set new goals for process improvement. 
There are several activities involved in every stage of this methodology which is 
illustrated in Figure 2-9.., 
Harrington's methodology is one of the most detailed and well-organised 
methodologies available in the literature. He has introduced a good organisational 
structure for the reengineering project in the first stage. In the second stage, there are 
enough steps to follow the user through the understanding and documenting of the 
existing process. At the third stage, he puts the emphasis on the activities and work to 
eliminate NVA activities. He introduces some guidelines for this purpose but the user 
still needs to determine a design tool for redesigning the processes. At the end, he 
links the reengineering to continuous improvement to keep the organisation alive in 
today's competitive market. 
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Organising for improvement 
4 
-Establish EIT 
-Appoint a BPI champion 
-Provide executive training 
-Develop an improvement model 
-Communicate goals to employees 
-Review business strategy and 
customer requirements 
-Select the critical processes 
-Appoint process owner 
-Select the PIT members 
A 
Continuous improvement 
-Qualify the process 
-Perform periodic qualification reviews 
-Define and eliminate process problems 
-Evaluate the change impact on the business 
and on customers 
-Benchmark the process 
-Provide advance team training 
f 
Measurements and controls 
-Develop in-process measurements and targets 
-Establish a feedback system 
-Audit the process periodically 
-Establish a poor-quality cost system 
amlý 
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-Define the process scope and mission 
-Define process boundaries 
-Provide team training 
-Develop a process overview 
-Define customer and business measurements 
and expectations for the process 
-Flow diagram the process 
erect cost, time, and value data 
-Perform process wallahroughts 
-Resolve differences 
-Update process documentation 
4 
Understanding the process 
4 Streamlining 
-Provide team training 
-Identify improvement opportunity 
-Eliminate bureaucracy 
-Eliminate no-value-added activities 
-Simplify the process 
-Reduce process time 
-Errorproof the process 
-Upgrade equipment 
-Standardize 
-Automate 
-Document the process 
-Select the employees 
-Train the employees 
Figure 2-9. The five stages of BPI and related activities 
There are two problems noticeable with the Harrington methodology. First of all, 
there is no usage of IT and related tools in this methodology and the impact they can 
have on BPR. The only place, where there is slight mention, is one of the last steps in 
the streamlining stage which he brings automation/mechanisation into the scene. 
Another problem is, like any other methodology discussed here, there is a lack of a 
proper method to evaluate the new situation and to provide quantitative results of 
performance improvements. Here again the impact of reengineering should be known 
after thorough implementation and any refinement would be performed in the last 
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stage of continuous improvement. 
The review of literature on different available methodologies, especially the last six 
detailed ones, has lightened the path for constructing the proposed methodology for 
this study. There have been some good points in mentioned methodologies which will 
be used directly or with some modification. There have also been a few deficiencies 
which I'll try to overcome in the proposed methodology. 
One the useful elements found in the literature is organising a reengineering team. It 
helps to have an organisational structure for the reengineering project where the role 
and responsibility of every individual in the team is clear. There are also some tools 
and concepts like; VA and NVA activity, Natural Grouping, Input/Output analysis, 
and Flowchart analysis which is helpful in the documentation of the existing 
processes and redesign stages. Another useful element is the Information Technology 
(IT). Unfortunately none of the methodologies reviewed used IT properly. Except 
Guha in his approach called Process Reengineering We Cycle (PRLC). The problem 
which all the mentioned methodologies face is the lack of a proper tool to evaluate 
the new design based on the quantitative results. They either trust their new design 
and fully implement it and later refine it through incremental improvements, or pilot 
the new design in a small part of the organisation and only after refinement perform 
the full implementation. I will avoid this problem by introducing simulation into the 
proposed methodology. Then the user can have quantitative results to compare 
different designs and after the team is happy they will implement the new design and 
achieve improved performance. 
2.4 Company Type and its effects on BPR 
The methodology that will be proposed for BPR would have different effects on 
different environments. For the purpose of this study, manufacturing companies are 
divided into three categories of, Make-to-stock, Make/Assemble-to-order, and 
Engineer-to-order organisations. The "four basic cycles"(Book/Bill cycle, 
Design/Develop cycle, Purchase/Produce cycle, and Spec/Resource cycle), which 
have been introduced by Heard and reviewed in section 2.2.3, here are considered as 
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four cycles of the Customer Order Processing (COP) business process. In the 
remainder of this section, the effects of methodology on the COP business process in 
the three mentioned types of organisation will be discussed. 
2.4.1 Make-to-stock organisation 
Such organisations are characterised by high volume production and distribution of 
highly stable product lines, and market conditions for such products dictate off-the- 
shelf service. Model- changes occur very rarely at regular scheduled intervals: The 
four cycles of COP (according to Heard) and flow of information in such 
organisation is shown in figure 2-10. 
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Figure 2-10. Heard's four cycles in Make-to-stock organisation, the order mostly is 
going through the book/bill cycle, in some occasion it follows the purchase/produce 
cycle and if necessary spec/source cycle is followed, rarely when a new product or 
modification is required the order goes through design/develop cycle. 
The emphasis here is on the low cost production and continuous supply of the right 
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material. As a result the purchase/produce cycle in the COP business process 
develops more `muscles'. The spec/source and book/bill cycles are less developed, 
but still have a significant amount of contributions to the COP. The design/develop 
cycle is unlikely to be part of the COP activity in make-to-stock organisation. The 
design/develop process is generally carried out as an independent (out of lead time) 
activity and may lead to fast product introduction or not as the design of the process 
dictates. 
The effect of BPR, considering the proposed methodology, on this type of 
organisation is considerable. Although the purchase/produce cycle dominates the 
other cycles strongly the COP business process will supply the product from stock. 
Rarely, when the order can not be filled from stock, it will go through the 
purchase/produce cycle. Since the book/bill cycle is less developed and COP will 
mainly go through this cycle, it leaves a good opportunity for BPR in this type of 
organisation. 
2.4.2 Make/Assemble-to-order organisation 
In such organisations, purchasing of materials (make-to-order) and machining of 
modules or parts (assemble-to-order) are generally made to forecast. Products are 
typically described as being made (make-to-order) or assembled (assemble-to-order) 
upon receipt of customer order. In the case of make-to-order type, the raw material 
are ready and every order goes through the produce/purchase cycle. In assemble-to- 
order type, based on forecasting some modules are produced and stored. When a new 
order is received the modules are assembled or sometimes fastened to meet the 
customer order. As the result, in make/assemble-to-order type of organisations, orders 
are not filled from the stock and will go through purchase/produce cycle to be 
completed. The four cycles in this type of organisation and the information flow 
through them is illustrated in figure 2-11. These organisations tend to place equal 
importance on all four cycles and the task of integration and co-ordination of the 
functions becomes paramount. 
The effect of BPR, considering the proposed methodology, would be of great value 
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here, because all four cycles are equally developed. The situation in this type of 
organisation is not quite similar to the make-to-stock type of organisation. Because 
the COP business. process here will not fill the order from the stock. As shown in 
figure 2-11, the order goes more often through the purchase/produce cycle to fill the 
order, involving more activities and tasks. This will prolong the COP process and 
provide more opportunities for BPR. As the result the effect of BPR on this type'of 
organisation would be even more than the make-to-stock type of organisation. 
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Figure 2-11. Heard's four cycles in Make/Assemble-to order 
organisation, customer order starts in book/bill cycle but can not be 
fulfilled from stock, it goes through the factory or partially in 
purchase/produce cycle, in some occasion when it is necessary the order 
goes in the other two cycles of spec/source and design/develop. 
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2.4.3 Engineer-to-order organisation 
Products in such organisations are customised and are designed, made and assembled 
upon receipt of a customer order. The definition of customer requirements, the 
creation of conceptual product design, the building and testing of prototypes, through 
to the manufacturing of the product, are a series of activities that must be planned, 
scheduled and co-ordinated. In this case, the book/bill cycle is all inclusive and it 
starts with booking the order and ends with invoicing the customer as it is shown in 
figure 2-12. 
Figure 2-12. Heard's four cycles in Engineer-to-order organisation, 
every customer order follows the long route of book/bill cycle by going 
through all other cycles. 
The design/develop cycle in these organisations is within the lead time of product 
supply and these businesses focus their efforts on the integration and co-ordination of 
those activities that comprise the design/develop cycle. The purchase/produce and 
spec/resource cycles are very important to the whole COP process, but they are less 
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developed in respect to the design/develop cycle. 
The effect of BPR, considering the proposed methodology, would be very little here. 
Because the organisation is occupied primarily with the activities of the over 
developed design/develop cycle, and redesigning the other cycles of COP process 
would not affect the whole COP much. 
2.5 Information Technology 
When we hear the phrase Information Technology (IT), we immediately think of 
computers and communication with emphasis on its technical aspects. IT with this 
specific meaning has been around for over forty years. 
Yates widens her definition in her book of the impact of IT including the inventions 
of telegraph, telephone, and even the vertical filing cabinet which dates back to the 
1920's (Yates-1989). 
What is accepted and used throughout this study is well matched by the definition 
made by Peppard. He distinguishes between Information (IT) and Information System 
(IS). He expresses that IS is "the flow of information in an organisation and between 
organisations, encompassing the information the business creates, uses and stores", 
and IT is "the enabling mechanism which facilitates the processing and flow of this 
information, as well as the technologies used in the physical processing to produce a 
product or provide a service" (Peppard-1993). 
There have been considerable investment on IT with little effect on productivity. In 
the US business environment between 1978 and 1985, the IT share of total capital 
equipment stock was almost tripled from 1.8% to 7.8% (Musgrave-1986). In another 
report documented in the US it was stated that by 1989 computers were in almost 14 
million households and some 75 million people were using computers at home, work, 
or school (Kominski-1991). It was also believed that IT would have a great impact on 
productivity as is quoted by Diebold: 
Information technology ... is becoming increasingly the key to national 
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economic well being, affecting virtually every industry and service. One 
would be hard pressed to name a business that does not depend on the 
effective use of information: to design products and services, to track and 
respond to market demands, or to make well-informed decisions. 
Information technology will change the world more permanently and 
more profoundly than any technology so far seen in history and will bring 
about a transformation of civilisation to match (Diebold-1984). 
In spite of early investment and belief that IT would change business organisations 
radically, it had little effect. The most aggressive conclusions about IT and 
productivity have been advanced by Steven Roach. He argues that massive increases 
in spending on IT in the US have yielded insufficient gains in productivity (Roach- 
1991). A similar conclusion has also been reached by Loveman. In his study of the 
effect of IT on the productivity in manufacturing, he found no significant positive 
productivity impact from IT investments (Lovernan-1988). Davenport, based on 
informal discussions with information systems and business executives, also reports 
this failure. He proposes three possible reasons: 1) it is unlikely that system analysts 
were empowered to make or even recommend fundamental changes. 2) user 
executives devoted too little time to understand the function of a system in relation to 
the function of business. 3) there were no methodologies or formal approaches for 
using IT to bring about the process or procedure change (Davenport-1993). 
On the other side, there has been little mention of IT's role in process improvement 
until the late 1980s. Even a document published by IBM on process management in 
the middle of the 1980s neglects to mention the role of IT in process improvement 
(Kane-1986). 
This lack of success and negligence lead to the "Management in the 1990s" research 
program created in 1984 at the MIT Sloan School of Management. The six major 
findings of this research are listed here. 1) IT is enabling fundamental changes in the 
way work is done. 2) IT is enabling the integration of business functions at all levels 
within and between organisations. 3) IT is causing shifts in the competitive climate in 
many industries. 4) IT presents new strategic opportunities for organisations that 
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reassess their missions and operations. 5) successful application of IT will require 
changes in management and organisational structure. 6) a major challenge for 
management in the 1990s will be to lead their organisations through the 
transformation necessary to prosper in the globally competitive environment 
(Morton-1991). It seems the IT industry was desperately looking for new demand 
drivers, especially ones that were visibly linked to business performance. 
2.5.1 IT and BPR 
IT and BPR do not have a clear relationship. Some early researchers, when BPR was 
not well developed, put emphasis on technological innovation rather than the 
organisation itself (Swanson-1987, Markus-1988, George-1991). These innovations 
have brought about reductions in the time and costs involved in storing, processing, 
and communicating information. This positions technology as the independent 
variable that determines change in organisations. This group Of researchers have even 
used the technology to automate the complicated "as is" situation of organisations 
which, as reported earlier, did not have significant improvements in productivity. 
Parnaby states that this failure is partly the result of the wrong use of IT to automate 
over-complex corporate processes. However, it is also partly the fault of IT directors 
who have failed to raise the sights of many senior executives to the role that IT could 
play in transforming a business (Parnaby-1991). 
Other researchers give more value to organisation and BPR, and assume that people 
deliberately design IT for intended objectives. Hammer in his book emphasises its 
application in BPR and states: "Modem state-of-the-art information technology is 
part of any reengineering effort as an essential enabler" (Hammer-1993). Kim 
believes that using IT to change the way work is being done in an organisation is 
called BPR (Kim-1994). Davenport gives it less value and points out that IT is "only 
one of several enablers that typically work in concert to bring about change in 
processes" (Davenport-1993). Renkema implies that "A BPR investment is regarded 
as a long-term commitment of organisational resources in order to achieve ambitious 
business goals through transformation of business processes with IT as an enabling 
technology" (Renkema-1995). There are a number of successful cases of major 
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performance improvements of IT-enabled BPR in the industry (Alter-1990, Grover- 
1993, McDonell-1991, Mehler-1993, Ryan-1991, Wilder-1991). For this group of 
researchers IT is a dependent variable that is planned for and configured by managers. 
2.5.2 Role of IT in BPR 
The role of IT in business process reengineering is two fold: as an "Implementer" or 
an "Enabler" (Lyons-1995, Bhaskar-1994, Davenport-1993). For the first role, it can 
be used to support the mapping, analysis-and modelling aspects of BPR and help in 
the mechanics of the transformation itself, which has briefly been discussed earlier in 
section 2.3. The second role of IT is to provide essential communication and system 
infrastructure to facilitate the integration and automation of redesigned work 
processes. These two roles are best described in figure 2-13. 
Enabler 
Opportunities 
Constraints 
Business Process 
Reengineering 
Implementer 
Modelling tools 
ý 
System engineering 
Figure 2-13. The two roles of IT in BPR. 
There are some established technologies, which are less than 10 years old in concept, 
and some emerging technologies that can be used as enablers to BPR. Technologies 
such as: Local Area Networks (LANs) and Electronic Mail (Email), Client Server 
Architecture (CSA), Electronic Data Interchange (EDI) and Quick Response (QP), 
Executive Information Systems (EIS), Document Image Processing (DIP), 
Video/Teleconferencing and Decision Support Tools. 
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For the purpose of this study based on the literature reviewed, IT is considered to 
have great effect on BPR. Although it is possible to run BPR without using the 
capabilities that IT offers, it is not a wise decision to avoid the technological 
innovations that exist. As the "Enabler" the usage of IT in the reengineering project 
will be considered in the redesign stage of the proposed methodology. As the 
"Implementer" IT will be used as a modelling tool which will be further discussed in 
the next section. 
2.6 Simulation in BPR 
In the past 15 years, simulation efforts have been focused on production processes. 
This has contributed to significant productivity and quality improvements in 
manufacturing processes. But not much work has been reported on simulation in 
business processes. Although this could be due to the unknown hidden potentials in 
BPR, with the increasing interest in reengineering this trend will be changed. It is 
foreseen that in the next five to ten years the real payoff for simulation would come 
from simulating business processes. 
Manganelli categorises the applicable tools for BPR into; project management, co- 
ordination, modelling, business process analysis, human resource analysis and design, 
and system development. He introduces a good set of different tools for every 
category and in most activities, where cost and time are not justified, he suggests a 
general toolset of project management and spreadsheet. He puts simulation as a tool 
used in both modelling and process analysis categories (Manganelli-1994). 
The usage of simulation in reengineering has been on existing or "as is" situations. 
Although it is a good tool for understanding the existing business processes, it can be 
further used in other situations. Ardhaldjian has introduced new areas besides the "as 
is" situation. He has used simulation for the "to be" situation where alternative 
models are proposed and compared to each other. He believes since changes are 
authorised at the top but implemented at the operating level, simulation can be used 
as a tool for "marketing/communication". It can also emulate the future processes and 
help people visualise and comprehend these processes and their role in them. It can 
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also be used as an "educational tool" to teach workers how to perform a particular 
job. Finally simulation can be used as a "benchmarking tool". Sometimes during 
benchmarking, not all the information is available to the analyst and some "black 
box" assumptions must be made to asses the performance parameters for 
benchmarking (Ardhaldjian-1994). 
2.6.1 Requirements for a modelling tool 
There have also been developed a set of requirements to be considered when selecting 
the tools used in modelling and simulation. These requirements are; process 
documentation, process redesign, performance measurements, communication, and 
institutional learning (B haskar-1994). 
One important stage in reengineering is documenting the existing business processes. 
This documentation can be either in the form of descriptive text or as process maps. It 
becomes the basis for a shared understanding of the existing processes. Therefore in 
selecting a modelling tool documentation capabilities should be considered otherwise 
it creates extra and redundant effort. 
Another important stage in reengineering is redesign. The modelling tool should have 
some capabilities for this purpose such as; representing structural changes in the 
process (eliminating NVA activities, minimising rework, combining process steps, 
and reducing the time to perform some activities), resource allocation (model 
resource requirements for activities, processing rates for resources, number and mix 
of resources, resource capacity, and resource availability schedules). 
One of the main benefits of simulation is obtaining the estimates of various 
performance measures fast and with ease. The measurements which are considered to 
be - very useful across many BPR efforts are; cost, cycle time, work-in-process, 
serviceability, resource utilisation, and quality. Therefore, a good simulation tool 
should provide reliable quantitative estimates of the above measurements. 
Besides modelling a process, presentation is also important. This ensures the success 
of reengineering at the implementation stage. Having the capability to generate and 
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print a graphical process map of existing and proposed designs would be one 
important feature. In addition, if the simulation tool can generate graphical charts to 
summarise the results of simulation output in the forms of bar charts and pie charts, it 
will be considered to have good features for communication. 
2.6.2 Modelling tools 
In general the analysis and modelling tools available today can be broken into three 
categories; flow diagramming tools, CASE tools, and simulation modelling tools. 
Flow diagramming tools are the most basic level of modelling tools. They can help to 
define processes and work flows by linking text descriptions of processes to symbols. 
They can provide little analysis capability. Examples of flow charting tools are ABC 
Flowcharter from Micrografx, EasyFlow from Haventree Software, and FlowCharting 
3 from Patton & Patton. 
CASE tools provide a conceptual framework for modelling hierarchies and process 
definitions. They are built on relational databases and have the capabilities to provide 
linear, static, and deterministic analysis. Since the CASE tools are very complex, they 
are very expensive and take some time to learn them properly. Examples of CASE 
tools include Meta Software's Design/IDEF and Workflow Analyzer, TI's Business 
Design Facility, and Action Technology's Action Workflow. 
Simulation modelling tools provide continuous or discrete-event, dynamic and 
stochastic analysis capability. Sometimes they provide animation capabilities that 
allow the process designer to see how customer requirements or work objects flow 
through the system. Examples of simulation modelling tools include BPMAT from 
IBM and CACI Products company, and ServiceModel from PROMODEL 
Corporation. 
BPMAT (Business Process Modelling and Analysis Tool) is the product of a joint 
development between IBM Thomas J. Watson Research Center and CACI Products 
Company. It has been developed using MODSIM II, an object-oriented simulation 
language provided by CACI. To model a process three main concepts would be 
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manipulated by the user namely; processes, resources, and tokens. BPMAT has a 
hierarchical process modelling ability that enables the user to decompose a process 
into as many levels of detail as required. This would help the user to understand every 
process in much more detail up to task levels. Resources are things like people, tools, 
computers, flooring space, etc. that are required to perform tasks associated with the 
process or activity. Tokens are the objects that flow through the process during 
simulation like; parts, products, order, signals, etc. which are also hierarchical. The 
advanced graphical user interface allows the user to select the activities and processes 
from a palette bar, customise their behaviour through a presented dialogue box. After 
linking them, he can specify the tokens that flow between them and the resources that 
are used (Bhaskar, et al. - 1994). 
ServiceModel is the product of PROMODEL Corporation. It can be used to simulate 
the financial, human resource, and production elements of a business. It tries to 
improve profitability by smoothing out the work backlog, maximising resource 
utilisation, and reducing expenses. One of the capabilities of this simulation tool is 
that, it can use the information prepared in flowcharting tools and CASE tools. The 
processes of a model, which have been created in a flowcharting tool, can be cut and 
pasted into ServiceModel for simulation. Then the physical elements such as 
resources, entities, and queues can be added to the diagram for running the 
simulation. On the other hand, if there is a model created in a CASE tool (Meta 
Software's Design/IDEF), besides the graphical behaviour of the model other data 
such as process lists, processing times, and resources can be imported for simulation 
(Gladwin-1994). 
As discussed earlier at the end of section 2.3.8, simulation will be one essential tool 
in the proposed methodology. At the early stage of studying the existing processes, it 
will be used to document and prepare a flow diagram of the process. It will also be 
used as a modelling tool to model the "As-is" situation and in a later stage to model 
the new "To-be" redesigned situation. The quantitative estimations of various 
performance measures, which can be achieved through simulation tools very fast and 
accurate, will be useful in evaluation of the alternative new models. 
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2.7 Conclusion 
To conclude this chapter, first a comparison between the existing methodologies 
reviewed in section 2.3.7, and their advantages and flaws are presented in figure 2-14. 
There several significant advantages, as illustrated in figure 2-14, in the six-detailed 
reviewed methodologies in sections 2.3.7.1 through 2.3.7.6. There are also some 
deficiencies for each of the methodologies which are listed in the same figure. It has 
also been discussed earlier in sections 2.1 and 2.3.6, that one of the main causes for 
the high rate of BPR failure is lack of an effective methodology for reengineering. 
As a result there is a great need for an improved methodology to include all the 
advantages, and to cover for all the deficiencies listed of the other reviewed existing 
methodologies. An effective methodology will have: 
- an organisational structure to guide the project and identify someone responsible 
for every part of the reengineering process, 
-a specific method for selection of the business process to be redesigned, 
- some practical tools like; waste elimination, runner/repeater/stranger, natural 
grouping,... to help the designer through the process of redesign, 
- essential elements in studying the Information Technology as an enabler for BPR, 
- incorporation of the modem simulation techniques within the methodology, and 
-a link to continuous improvement. 
In order to achieve an effective methodology for BPR, the following aims have been 
set for this research project to follow: 
" To propose a new methodology for the implementation of BPR that incorporates 
the good features and eliminates the disadvantages of earlier methodologies 
summarised in figure 2-14. 
" To test and refine the methodology by means of two case studies taken from 
manufacturing industries. 
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There are also three hypotheses set for this project to be tested. They are: 
" BPR has a significant effect upon the improvement to the performance of complex 
batch of make-to-stock and/or make/assemble-to-order businesses. It has a lesser 
effect upon industries where there is a critical business process, that is within the 
lead time window of production and is relatively easy to identify. Typical 
industries of this type produce modular engineer-to-order products (section 2.4). 
" Information Technology (IT) is an essential enabler and integral part of the 
business process reengineering activity. As an "Enabler" it will have good impact 
on the BPR as was reported in the literature (section 2.5). 
" Modem simulation techniques can be incorporated into the BPR methodology to 
enhance its capability to improve business performance (section 2.6). For the 
purpose of this study a simulation package will be selected and tested. 
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2.8 Summary 
This chapter presents to the reader a comprehensive literature review on Business 
Process Reengineering (BPR), the existing methodologies for reengineering and 
builds up a justification for the aims and hypotheses considered for this research. 
This chapter contains several main sections, starting with the definition of business 
process and the number of business processes in a company, leading to a definition 
for business process and the one is used to reengineer in this research study. 
The next section is the definition of BPR and its principles, and some goals which can 
be achieved by implementing BPR are listed. Then, the scope of BPR project is 
defined and a comparison between reengineering and incremental improvement is 
made. There is also a brief discussion on how to perform BPR, either through a 
methodology or a complete intuition. Later a comprehensive literature review on six 
existing methodologies for reengineering is documented, and the good concepts and 
deficiencies of these methodologies are discussed. 
The next section covers the three different types of company which are; make-to- 
stock, make/assemble-to-order, and engineer-to-order. There is also a brief 
discussion on the impact of BPR on these three company types. 
In the next section, Information Technology (IT) is defined, and a brief history of IT is 
documented. Then the relationship between IT and BPR is discussed, and the two 
roles of IT (enabler and implementer) in the BPR project are explained. 
Finally in the last section, there is the introduction of simulation techniques in BPR 
project. In this section some applications of simulation software in reengineering are 
discussed. Modelling is one of the applications of simulation packages in the 
reengineering. Then a few requirements for selecting a modelling tool are laid out, 
and some modelling tools are reviewed. 
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3. The methodology 
Undertaking a BPR project is a high risk endeavour. A well-disciplined and organised 
way of structuring, assessing, and resolving the issues that business process 
reengineering raises requires an effective methodology to enhance the chances of 
success. Studying and reviewing the existing methodologies in previous chapters 
highlights some strong and useful steps along with their difficulties. The author has 
tried to gather and put all the required stages and necessary tools together to provide a 
comprehensive and well-documented methodology for BPR regardless of. company 
types. 
3.1 Stages of methodology 
The proposed methodology, which is illustrated in figure 3-1, consists of four stages 
of preparation, modelling, redesign, and implementation. In every stage there are 
some steps which according to the type and size of the company can be omitted. 
1- Preparation 
-Secure Management Commitment 
-Organise Reengineering Teams 
-Set Performance Goals 
-Identify Reengineering Opportunities 
4-Implementation 
-Construct System 
-Train Staff 
-Pilot New Process 
-Refine & Transition 
-Continuous Improvement 
2- Modelling 
-Document the Existing Process 
-Create a Simulation Model 
3-Redesieg 
-Waste Elimination 
-Identify Runners/Repeaters/Strangers 
-Input/Output Analysis 
-BPR Processing Chart 
-Selecting IT Levers 
-Natural Grouping 
-Design & Simulate New Model 
Figure 3-1. The Proposed Methodology 
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3.1.1 Preparation 
The objective of this stage is to create an environment for change within the 
organisation. Both the managing group and the operations group in the business must 
understand the need and be committed to change. Some strategic business goals must 
be set and the project reengineering teams need to be assembled and trained. The 
steps in the methodology are: 
3.1.1.1 Secure Management Commitment 
The reengineering, if successful, results in radical changes and requires lots of 
resources to work together. It is wise to have someone from senior management to 
fully support it, and when this is accomplished, the people who are involved in the 
project would realise how far this project would be supported (Hammer-1993). This 
step has been mentioned in different methodologies studied, but Guha in his 
methodology, explained in section 2.3.7.4, specifically indicates it to be one step. 
Donovan lists ten tips for reengineering. One of the tips relates directly to the 
leadership and his commitment to BPR (Donovan-1994). On the other hand, since the 
senior management have spent large parts of their life working with the current 
methods, it would be one of the most difficult tasks to convince them of the potential 
benefits hidden in BPR. However, when this is done, it would be sufficient to 
persuade people to accept radical disruptions that reengineering brings. 
3.1.1.2 Organise Reengineering Teams 
Because the process of reengineering involves organisational design around 
processes, teams with proper responsibility are required to reengineer and oversee the 
changes. Harrison and Pratt in their methodology (which was explained in section 
2.3.7.3) present the Executive Steering Committee, Process Evaluation Teams (PET), 
Line Management and Consultants/Facilitators. 
Hammer suggests the following people who actually do the reengineering and gives 
the key of success to them: "Leader", "Process Owner", "Reengineering Team", 
"Steering Committee", and the "Reengineering Czar". 
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" Leader is a senior executive who authorises and motivates the overall BPR effort. 
" Process Owner is normally a manager with responsibility for a specific process 
which the reengineering effort focused on it. 
" Reengineering Team is a group of individuals dedicated to the reengineering of a 
specific business process, who diagnose the existing process and oversee its 
redesign and implementation. 
" Steering Committee is a policy-making body of senior managers who develop the 
organisation's overall reengineering strategy and monitor its progress. 
" Reengineering Czar is an individual responsible for developing BPR techniques 
and tools within the company. 
Later, he defines the relationship among these people as: "The leader appoints the 
process owner, who convenes a reengineering team to reengineer the process, with 
the assistance from the czar and the auspices of the steering committee. " (Hammer- 
1993). 
Harrington also believes in an organised team approach to reengineering. He 
introduces an Executive Improvement Team (EIT), Reengineering Champion or Czar, 
Process Owner, and Process Improvement Team (PIT). He further breaks the PIT into 
Subprocess Improvement Team (sub-PIT) and Task Team (TT) (Harrington-1991). 
The author believes it is necessary to have some sort of organised leadership and 
teams to perform the reengineering properly and depending on the size of 
organisation anyone of the mentioned teams or committees or even sub-teams may be 
formed. 
3.1.1.3 Set Performance Goals 
In every project in order to determine the level of success, some kind of performance 
measurements need to be considered. Neely in the workbook published at the 
University of Cambridge defines performance measurement as "the process of 
quantifying the efficiency and effectiveness of purposeful action" (Neely-1996). By 
effectiveness he refers to the extent to which customer requirements are met, and by 
efficiency he means how economically the firm's resources are used to provide a 
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given level of customer satisfaction. In reengineering a business process, there is also 
a need for measuring the effectiveness and efficiency of the process before and after 
the redesign stage. Having some elements to measure, would help the designer to 
evaluate the new model. There are several elements that could be considered for 
evaluating the performance improvement of the process, and the three main ones 
which affect the survival of any company in today's competitive market are; cost, 
quality, and lead time. 
At this step, the performance goals should be set. Many reengineering consultants 
suggest that setting high performance goals will create the necessary momentum for 
high performance achievements. In the literature reviewed by the author (Hammer- 
1993, Harvey-1994, Parnaby-1991, Guha-1993, Manganelli-1994,... ) it is documented 
that the target goals have been set high and very impressive results have been 
achieved. Donovan in his article on 10 tips for reengineering, also aims high and 
suggests high performance goals of (Donovan-1994): 
" reduction of 20-50% on product and operating cost, 
" reduction of 50-90% on manufacturing lead time, 
" reduction of 60% or more on overall order cycle time, 
" reduction of 50% or more on inventory, 
" reduction of 60% or more on cost of quality, 
" reduction of 30-70% on factory floor space, 
" reduction of 5-10% on purchasing costs, and 
" delivery of 98% or more of products on time. 
3.1.1.4 Identify Reengineering Opportunities 
There is some debate about the number of business processes in a company, which 
has been to some extent discussed in section 2.2.3. Regardless of the differences, all 
the business processes in the company under study -should be identified, and 
prioritised. There are two major approaches to select the right process for 
reengineering. In the first approach the most important process, which is considered 
very critical to the success of the company and is very clear to identify, would be 
selected by the executive team. This approach is called "targeted" by Guha and "high 
Chapter 3 
impact" by Davenport. In the other approach, which is more time consuming and 
applied where no clear option is available, attempts are made to study all the 
processes within a company and rank them in order of redesign urgency. This 
approach is called "comprehensive" by Guha and "exhaustive" by Davenport 
(Davenport- 1990, Guha- 1993). 
In the comprehensive approach, probably the most important thing is to study and 
weigh all business processes. Harrington present a relatively simple approach to 
prioritise the processes. He wants the executive team to give each of the major 
business processes a rating in the following categories of. Customer impact, 
Changeability, Performance, and Business impact. Then, the sum of given ratings for 
each process would be used to set priorities (Harrington-1993). Cohen uses the same 
method in different environment and defines several factors or criteria based on the 
application, and calls it "prioritisation matrix method" (Cohen-1995). 
A more complex method is used by Saaty called "analytical hierarchy process 
(AHP)". AHP is a highly developed mathematical system for priority setting. The 
team would create a matrix with the list of all individuals in a group (in this case 
business processes) along the left side and also along the top. Then, the team would 
estimate the importance of every business process pairwise and enter a value in each 
cell. The values could be 9,7,5,3, and 1 which means the existence of the business 
process selected in the column is extremely, very strongly, strongly, moderately more 
important, and equal importance with respect to other business process selected in the 
row. The reciprocals 1/3,1/5,1/7, and 1/9 are used when the relationships are 
reversed. The value for every business process in a column would be added and 
normalised (replace each value by the result of dividing that value by the column 
total). Then, the normalised value for every business process in each row would be 
averaged. Finally, each value would be converted to a percentage to be easier to 
recognise the business process which has top priority for reengineering (Saaty-1976). 
The author believes with respect to the company size and urgency for reengineering, 
one of the above mentioned approaches should be selected. In cases, where dealing 
with small companies probably the most suitable approach is the decision made by 
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one of the executive managers, or using the "prioritisation matrix method" which 
does not require too many team judgements. In big companies a detailed 
comprehensive study along with the usage of AHP decision making is more suitable. 
Since AHP method requires too many team judgements, in comparing every process 
with other processes individually and evaluating them, it is very difficult and time 
consuming. But in big companies where there are huge amount of resources involved 
in dealing with business processes it is easily justifiable. 
3.1.2 Modelling 
In this stage, the objective is for all members to uncover conflicting views on how the 
business process operates in order to arrive at a reasonable representation of the 
current processes. There are two issues that need to be resolved here. First, is to 
identify and clarify the overall problems, understand their underlying causes, and the 
fundamental assumptions about how the process should function, so that an 
agreement on critical issues can be arrived at. Second, is to develop a process model 
that reflects what is being done, who does it, and how information flows among the 
processes. The output of this stage is a complete model showing how the current 
system actually works and the accurate measurement would serve as a baseline for 
future changes. The author suggests the following two steps to accomplish the 
objectives of this stage. 
3.1.2.1 Document the Existing Process 
As has been reviewed earlier in section 2.3.7.4, one of the most crucial and obvious 
steps of reengineering is the documentation of existing processes. Brainstorming is 
one valuable tool which would help to gather all information about the process all 
over the company. Input/output analysis is another tool which would help to identify 
all the inputs and outputs of a process systematically. Another tool which could be 
used here is flow charts analysis. It is used to define in detail the sequence and 
linkage of all activities involved in a process. 
3.1.2.2 Create a Simulation Model 
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In the previous step all the required information has been gathered, analysed, and 
documented. Now, this documentation is transformed into a simulation model to 
create an "as is" model of the process as discussed earlier in section 2.3.8. This 
provides the opportunity to have a graphical process map for communication with 
others and the transfer of information to the redesign stage. It would also provide the 
capability to calculate process performance for benchmarking and to represent 
structural changes in the process very fast and efficiently. 
3.1.3 Redesign 
The heart of every reengineering project is the redesign stage. It is in this stage that 
breakthrough comes and results in a successful project. The author has considered the 
following steps to be a set of tools for a systematic redesign. 
3.1.3.1 Waste Elimination 
The first step in redesigning a business process is identifying the "Key Value Adding 
Activity" (VA) or "Basic Transformation" and "Support Activities", as termed by 
Doyle in section 2.3.7. Later in this step, the "Support Activities" or sometimes called 
non-value-adding activities (NVA) would be minimised or eliminated. In order to 
have a good picture of all activities, and their relationship to customer needs, the 
author here introduces the Quality Function Deployment matrix and a full 
discussion on this subject is followed in the next few sections. 
The fast moving change of today's business environment has transformed the basis of 
industrial competitiveness. Many manufacturing enterprises have realised that in 
order to secure and increase competitiveness, they have to rapidly shift their strategy 
towards quality production. This quality production is characterised by a high quality 
of goods and high value products in terms of customers' wants and desire. Research 
shows that world class manufacturing organisations are better able than their 
competitors to align their products and services to customer wants and needs (Adiano 
-1994). Competitiveness requires the manufacturer to be more proficient at meeting 
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customer requirements which demands core manufacturing capabilities to be totally 
market driven. 
Sullivan in his article describes the Total Quality Control (TQC) and Company-Wide 
Quality Control (CWQC) and introduces seven stages of quality control. He believes 
the traditional US TQC is only part of what Japanese mean by CWQC. The US style 
TQC only covers the first three stages, while the Japanese style CWQC covers all 
seven stages of quality control. The seven stages of quality control are (Sullivan 
1986b); 
" Stage 1- Inspection after production, which is the traditional form of quality 
control. Specialists develop, statistical sampling plans, operating characteristics 
curves, and tables for acceptable quality tables. This type of quality control is more 
product oriented, where the focus is on the finished product. 
" Stage 2- Quality control during production, which is primarily based on the 
Statistical Process Control (SPC). Although this technique has been successful, the 
nature of SPC is again on the output of the process. After a batch of products has 
been tested and failed, then correction would be made for the next batches of 
production. This type of quality control is more process oriented, where the focus 
is on the whole process and trying to optimise it. 
" Stage 3- Quality assurance involving all departments, which is a system oriented 
approach to quality control. In some cases, it may require to change the company 
structure to reflect the idea of quality assurance. Sometimes separate organisations 
(teams) have been created to deal with the various activities associated with 
design, manufacturing, and assembly. These teams have been very effective to 
resolve the major problems, but not very effective with the idea of continual 
quality improvements. 
" Stage 4- Education and training is a major issue that the Japanese concentrate on. 
They believe that through education you can change the way people think about 
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quality, and by training you can improve their skills. At this stage, by changing the 
thinking of all employees, the humanistic aspect of quality is developed. 
" Stage 5- Product and process design optimisation for more robust function at 
lower cost is the next stage of quality control. Design optimisation is a powerful 
technique to guarantee low cost and high quality of the final product. This 
technique has been fully developed by Genichi Taguchi and is widely used. 
" Stage 6- The Taguchi loss function identifies loss after a product is shipped to the 
customer. The product might even be within the acceptable tolerance, but when it 
goes out to the customer it will fail and create financial loss to the society. The 
loss function technique can be used to justify the investment in improved quality, 
and to set priorities for quality improvement. 
" Stage 7- Quality Function Deployment which is used to define the "voice of 
customer" in operational terms. QFD is a technique which incorporates the quality 
into the product development. It assures that the customer requirements are heard 
throughout the development, and all the related functional activities are identified. 
This stage is consumer oriented and the highest stage of quality control defined by 
Sullivan. 
Going through all seven stages of quality control, the Japanese invest more resources 
at the initial step of the product life (product development); whilst the US companies, 
by going through the first three stages, focus their resources on the final steps of 
product life (manufacturing and assembly). Figure 3-2, adopted from Sullivan (b), 
shows the quality effort performed comparing US and Japanese companies. 
Figure 3-2 illustrates the benefits to be derived from a high degree of effort at the 
beginning of a project as compared to the companies which concentrate their effort at 
the manufacturing stage. The later companies require large problem solving resources 
because of insufficient, and often inadequate, consideration at the design and 
planning stages. 
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Figure 3-2. Quality effort by activity. 
Another example of different approaches to quality is documented by Sullivan for 
introducing a new motor vehicle to the market (Sullivan-1986a), This comparison is 
illustrated at Figure 3-3, which is adopted from Sullivan. It shows the comparison of 
the number of engineering/product changes over the design and planning cycle for 
Japanese and traditional US companies. 
As a result, choosing the Japanese method of quality control and going through all the 
seven stages described earlier will be very promising in terms of lowered cost and 
improved quality. The final stage will introduce the QFD, which is a powerful tool 
for transferring the customer demands throughout the company. 
The concept of Quality Function Deployment originated in Japan by Yoji Akao in 
1966. Its power was demonstrated in 1972 at the Kobe shipyards of Mitsubishi. In 
1978 the first book was published in Japanese, and unfortunately it was not translated 
in English until 1994 (Mizuno-1994). The US exposure to QFD was in 1983 through 
Chapter 3 
an article by Kogre and Akao, and through Ford Motor Company. The interest in the 
application of QFD in the west was then growing at an incredible rate(Shillito-1994). 
Number of 
engineering 
changes 
Processed 
Company 
Japanese 
Company 
-I-II 
20-24 
months 
14-17 
months 
1-3 
months 
Job 
Design & planning cycle 
Figure 3-3. Change comparison. 
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QFD is a modem design management tool which is capable of carrying a great deal of 
information on one page and one chart, and it enables the designer to have a better 
understanding of the total system (Fox-1993, Zairi-1993, Bossert-1991, Sullivan- 
1986a). There has been different definitions around for this new tool. According to 
Akao QFD "is a method for developing a design quality aimed at satisfying the 
consumer and then translating the customer's demand into design targets and major 
quality assurance points to be used throughout the production phase. ... it 
is a way to 
assure the design quality while the product is still in the design stage" (Akao-1988). 
One of the definitions that best describes it company-wide is: `A system of translating 
consumer requirements into appropriate company requirements at each stage from 
Research to Product Development to Engineering and Manufacturing to 
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Marketing/Sales and Distribution' (Ungvari-1991). This goal of translating customer 
voice into technical function is achieved by constructing a matrix or series of matrices 
that have on the left hand side the "what's" and on the top the "how's". The relation 
and importance of relation between what's and how's are weighted in the matrix. In 
reality the what's are the customer requirements and the how's are the company's 
technical responses meeting those needs. Another term which is very popular, and 
normally is referred to the first matrix of the QFD matrices, is the House of Quality 
(HOQ). It is the nerve system of QFD recording the voice of the customer. HOQ, 
according to Hauser and Clausing, is "a kind of conceptual map that provides the 
means for interfunctional planning and communications" (Hauser-1988). It is 
illustrated in Figure 3-4 and contains seven different elements. 
H 
F- 
Correlations 
etween Activitie 
B-Activities of a Process 
A- D- 
Customer Customer 
C-Relationship Matrix 
Needs & Needs 
Benefits (Impact of Activities on Priorities 
Customer Requirements) 
E-Activities Priorities 
Figure 3-4. A sample QFD matrix designed for this study. 
This procedure of what's and how's can be decomposed in the company. By listing 
the how's (the first top row) of the old matrix in the left hand side (first column) of a 
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new matrix, there is a new list of what's which would be dealt with another set of 
how's. The new list of what's is the requirements of an internal customer, and the 
new list of how's is the technical responses to those needs at this stage. In fact, 
Eureka has introduced four levels of matrices using Customer Requirements, Design 
Requirements, Part Characteristics, Manufacturing Operations, and Production 
Requirements pairwise (Eureka-1988). This is best illustrated in Figure 3-5. 
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Design 
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Figure 3-5. The four levels of QFD matrices. 
Production requiremeno 
The terms used by Eureka are more manufacturing oriented. Kehoe has defined the 
same concept of four levels of matrices, but using different terms which are more 
suitable to be used with business processes. He calls the matrices "Planning Matrix", 
"Deployment Matrix", "Process Planning Matrix", and "Operating Instruction 
Matrix" (Kehoe-1996). These are the matrices which will be used in this study. 
Using the QFD matrices, every single customer requirement could be followed down 
and related to one or more production requirements at the bottom and vice versa. 
When all four levels of QFD are constructed, they help the needs and benefits of the 
customer to be followed in the entire life cycle of conceiving, developing, planning, 
and producing a product or service. 
QFD is known to be a very powerful management tool, and there are number of 
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applications listed for it. Brown identifies some of these application within the 
AT&T; i. e. using QFD for a New Product, New Service, Existing Product, Existing 
Service, Enterprise Planning, Process Management, and Technology-Driven 
Engineering (Brown-1991). 
There are some documented successful stories about QFD; i. e. the Toyota example 
(Hauser-1988, & Sullivan-1986b) and the AT&T (Brown-1991). There are also some 
benefits which will be gained by implementing QFD that are (Bum-1990): 
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Improved Quality 
Improved company performance 
Lower cost in design and manufacture 
Improved product reliability 
Reduced decision/planning time 
Improved productivity of technical and other staff 
Reduced warranty claims 
Improved marketing opportunities 
Improved decision making 
A more customer-oriented workforce 
Opportunity for improved profitability 
Although QFD can be used company-wide and can be very complicated, for the 
purpose of this study, it is used as a simple tool. It is designed to demonstrate the 
relationships of every activities involved in the process to the customer requirements 
and their importance through a series of four matrices. The first matrix is called 
Planning Matrix which shows the relationship between Customer Requirements and 
Business Planning Characteristics. Using the priorities of customer requirements and 
the degree of relationship between business planning characteristics and customer 
requirements, the importance of business planning characteristics are calculated. Then 
these importance values will be transferred to the next level of matrices which is 
called Deployment Matrix. On the deployment matrix the relationships between 
Business Planning - Characteristics and Planning Characteristics are evaluated. 
Through the same procedure the importance of planning characteristic elements are 
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transferred to the next level of matrices, which is called Process Planning Matrix. In 
this level the relationships between Planning Characteristics and Processes 
Employed are evaluated. Finally the importance of the processes employed elements 
are calculated and transferred to the fourth matrix which is ' called Operating 
Instruction Matrix. At this stage the relationships between the Processes Employed 
and Activities and Tasks are evaluated. The importance calculated here for the 
activities and tasks are resulted from the customer requirements and directly indicate 
the voice of customer. 
The QFD techniques used here, helps to recognise the value adding activities and the 
supporting activities based on the customer needs and requirements. An example of 
QFD matrix used for this study is shown in figure 3-6.1 
B-Activities of a Process 
A- D- 
Customer a Customer 
Needs 
C-Relationship Matrix Needs 
Benefits 
(Impact of Activities on priorities 
Customer Requirements) 
E-Activities Priorities 
Figure 3-6. A sample QFD matrix designed for this study. 
3.1.3.2 Identify Runners/Repeaters/Strangers 
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The next step in redesigning a business process after eliminating NVA activities is to 
categorise the remaining activities based on their occurrences. Once they are 
categorised, they can be rearranged in a new format to have those activities with the 
highest occurrences in the middle and the rest around them. The terms used by Lucas 
for this categorisation are "Runners", "Repeaters", and "Strangers" (Lucas-1991). 
Runners are those activities which are repeated once in every cycle of work and 
considered to be the main stream of the process. Repeaters are those activities which 
occur occasionally, but with regular frequency and create minor variations from the 
runners. Strangers are those activities which occur occasionally, but very irregular 
and usually infrequently. However they have a work requirements that is appropriate 
for the skills or machine resources that exists within the process. An example of a 
runner process flow with repeater and stranger deviations is shown in figure 3-7. 
3.1.3.3 Input/Output Analysis 
The next technique which would be used in this stage is the input/output analysis. 
This technique would help the process designer to allocate every activity in its true 
position in the process and establish the required input and output from and to other 
activities. First the activity and its constituent tasks would be defined. Then the 
desirable outputs would be identified. Finally the required inputs to generate the 
outputs would be listed. This procedure would start with VA activities and be 
followed through the input/output analysis to identify all remaining support activities 
in the process. 
3.1.3.4 Selecting IT Levers 
IT has been discussed, earlier in section 2.4.1, to be an enabler for BPR. It has two 
roles in BPR as "Implementer" and "Enabler". For its role as an implementer, it has 
already been used for mapping and modelling of the business process in previous 
stages. For its role as an enabler, there are some technologies listed in section 2.4.2 
and others which will be established in later stages of the methodology. It is necessary 
to have an expert in the reengineering team, whom at this step can introduce and 
justify the suitable IT levers for the process under study. 
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Figure 3-7. A runner process flow with repeater and stranger deviations. 
3.1.3.5 BPR Processing Chart 
To facilitate the analysis of the information prepared in previous steps, the BPR 
processing chart was designed and introduced as the next step in redesigning the 
business process. An example of a BPR processing chart is shown in figure 3-8. 
The BPR processing chart is a matrix type chart where on the left of the matrix all 
existing activities of a business process would be listed. Since all existing activities 
are separated based on functional department, all active departments or boundaries 
where the business process crosses would be listed on top of the matrix. Inside the 
matrix itself, every activity would be evaluated. The department where the activity is 
performed is designated by "A". The department where the output of this activity is 
sent designated by "0". The department where the input for this activity is prepared 
designated by "I". In some activities a copy of output would be sent for their 
notification, which in that case they are designated "Oc". 
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designated by "1". In some activities a copy of output would be sent for their 
notification, which in that case they are designated "Oc". 
B- All Departments/Functions 
Business Process crosses. 
F- E- D- A- C- Information Flow through 
Activity Activity QFD All Departments/Functions based 
occurances: types: Values Activities on: Input/Action/Output 
Runner/ Manual/ involved in 
Repeater/ Informative/ Business 
Stranger Organic Process 
Figure 3-8. A typical BPR Processing Chart. 
Another column which has been considered in the chart is the QFD importance value 
for every activities in the business process. It has a numeric value which reflects the 
importance of every activity based on the customer requirements calculated in step 
one of this stage (section 3.1.3.1). 
Adjacent to the listed activities, a column has been considered to illustrate the type of 
activity. Every activity could be of the "Informative" type which transfers some 
information to other activities and is designated by "I". Or of "Organic" type, which 
is an activity which requires discussion and compromise between two or several 
parties, and in the chart is designated by "0". There is also another type of activity, 
where some physical action performs and changes the nature of the input, called 
"Manual" activity and designated by "M". In some cases, where there are a 
combination of any of these mentioned types, combination of "M", "r', and "0" are 
used. 
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Another column which has been considered for the BPR processing chart is located 
adjacent to listed activities and categorises the activities. In step two of this stage 
(section 3.1.3.2), the activities have been categorised based on their occurrences to 
Runners, Repeaters, and Strangers which is designated-in the chart as "R", "Rp", and 
"S" consecutively. 
3.1.3.6 Natural Grouping 
Natural grouping is a technique mentioned earlier in section 2.3.7.1. It is used as the 
next step to bring together all the fragmented activities of a business process. It will 
group people and machines around both material and information flows. Tor the 
process which used to go around the organisation crossing different departmental 
boundaries to perform all necessary activities, now it goes into a designated natural 
grouping which consequently results in better control, shorter lead times, more 
reliable, and more face to face communication caused by people being in close 
proximity to each other. 
3.1.3.7 Design and Simulate New Model 
Finally at this step, having all the analysed information using the above mentioned 
tools and techniques would enable the designer to propose a new model for the 
business process. This new model can then be simulated and the process performance 
(lead time, cost, resource utilisation,... ) can be calculated in a few hours and the 
impact of redesign would be recognised. At this point if the new model meets the 
required performance measures set earlier, in the third step of stage one of the 
proposed methodology (section 3.1.1.3), then the redesign stage is accomplished, if 
not a critical review of previous steps would be recommended and another model 
would be proposed and tested until a better model would be reached. 
3.1.4 Implementation 
The fourth and final stage is implementation. The most appropriate and advantageous 
proposal would be selected for implementation. Based on the literature review the 
following steps would be logical for this stage and is derived from the methodologies 
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presented by Guha and Manganelli in sections 2.3.7.4 and 2.3.7.5. 
3.1.4.1 Construct System 
As the first step in implementation, lots of attention should be focused on the 
transition from the old system to the new one. On the equipment part, sometimes the 
change requires the replacement of the entire facility with new hardware platforms 
and application programs. In some occasion, where the existing facilities are not out 
dated, software reengineering would help to adapt the - facilities to the new 
environment. On the employee part, the smooth transition would result in less 
resistance and disruption to employee morale. For the newly designed process, 
probably new skills and/or less employees are required which eventually results in 
change/reduction of employees. 
3.1.4.2 Train Staff 
With new process design and changes occurring, there is a clear need to train the 
staff. The training should cover the new skills required to perform the activities. It is 
also required to provide skills for the employee to work in a team. The training 
should be scheduled just in time for implementation, because too early training may 
result in forgetting the skills and too late training may result in staff unprepared for 
their responsibilities. 
3.1.4.3 Pilot New Process 
Although the new process has been evaluated with the simulation package, it still 
needs to be piloted in a limited area. This would provide a chance to test the new 
process in real life situations and identify any needed improvements or corrections, 
without facing the risk of problems in full deployment. 
3.1.4.4 Refine and Transition 
At this step any problem encountered in the pilot would be reviewed and fixed. There 
would also be some monitoring on process performance, IT performance, and 
productivity indices (mentioned earlier in section 2.3.7.4). The result of monitoring 
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would then be measured against the process which was replaced. If the outcome was 
satisfactory then transition towards the full implementation of the business process 
would follow. 
3.1.4.5 Continuous Improvement 
The last step, but not the least, in the reengineering is linking it to continuous 
improvement. After a successful reengineering, it is essential to monitor and evaluate 
the process periodically. This would provide a chance for further improvement of the 
process based on new ideas or more powerful IT tools introduced to the market. 
-82- 
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3.2 Summary 
This chapter covers the proposed methodology constructed for Business Process 
Reengineering (BPR). The six methodologies reviewed in chapter 2 had some strong 
concepts and tools as well as some deficiencies. The new methodology proposed in 
this research uses the strong concepts of earlier methodologies, and some new tools 
are designed and used to cover for their deficiencies. 
The new methodology consists of four major stages of, Preparation, Modelling, 
Redesign and Implementation. Every stage is broken down to some concepts and 
tools to help the designer in performing the reengineering. 
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4. Selecting the case study 
The first step in evaluating the methodology proposed in the previous chapter, is to 
build one or more case studies, and experiment with the methodology. In order to do 
this, in this chapter we talk about the selection of the case study from two aspects. 
The first aspect is the company chosen and its strong points. The second aspect is the 
simulation software chosen for this study. 
The case studies would be designed in a way to test the hypotheses. To test the effect 
of company type on BPR, I need to have case studies. One in a "Make-to-stock" type 
of organisation, which can also cover the "Make/Assemble-to-order" type of 
organisation as discussed earlier in section 2.4.2. The second one will be built around 
an "Engineer-to-order" type of organisation. 
In order to test the effect of IT on BPR in one of the case studies, where the 
information is available, I will build two models. The first model will be in an 
environment where IT is present. The second model will be in -an environment where 
no IT is present. 
4.1 Company selection 
Since this study was performed in Loughborough University, some local companies 
were studied. Several factors were considered for selection including; type of 
company, development opportunities existing, previous experience of research with 
the company, and research communications between company and the university. 
Morris Mechanical Handling Ltd. is one of the favourable candidates. Regarding the 
company type, it is a company with four divisions covering different company types 
of engineer-to-order, make/assemble-to-order, and make-to-stock. Regarding the 
opportunities, it is a company which has been established quite long time ago and had 
been through lots of changes and improvements. Morris is now on the edge of using 
IT and new tools to survive the competition and to stay in the business. There is also 
good research collaboration between Morris and Loughborough University, which 
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made the choice in favour of this company. 
As the result Morris was chosen for the case studies, because it is a good 
representative company for BPR. It does not employ high technology, but has a wide 
range of business types within its boundary. 
4.1.1 Company profile 
Moms Mechanical Handling Ltd. is an engineering firm specialising in the design 
and manufacture of lifting equipment ranging from small hand chain blocks to cranes 
with capacity of 300 tonnes. From its manufacturing plant at Loughborough, 
Leicestershire, England; which is conveniently located to the national motorway 
system, rail and air network, Morris undertakes projects and contracts both in the 
United Kingdom and around the world. 
The company was established more than a century ago in 1884 and traded under the 
name of Herbert Morris Limited. In 1977, and as a result of Davy corporation to 
consolidate their mechanical handling expertise on one site, the company changed its 
name to Davy Morris. Fourteen years later, in 1991 Davy Corporation was acquired 
by the Trafalgar House Group and become a member of the John Brown Engineering 
Division, a Wholly owned subsidiary of Trafalgar House. The company subsequently 
changed its name to Morris Mechanical Handling Limited. 
Throughout these years, Morris has continued to consolidate it's position as a world- 
wide supplier of cranes and hoists and also a provider of a full product management, 
engineering design detail, manufacturing and construction service. Morris handles 
contracts ranging from small design studies to multi-million pound turnkey projects 
and has exported to over 75 countries in a single year. Their association with 
Trafalgar, which has representative offices around the world, further enhances the 
company's ability to service their customers with a more personal touch. Together 
with the sound financial support offered by the group and a focus on product 
development, the future for Morris looks bright. 
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4.1.2 Company divisions 
Morris divisionalisation took place in 1989 in order to focus on particular product 
families. The four divisions are; 
" Automation Division, Engineer-to-order type of organisation 
" Engineering Product Division (EPD), Engineer-to-order type of organisation 
" Hoist Division, Make-to-stock type of organisation 
" Industrial Crane Division (ICD), Assemble-to-order type of organisation 
4.1.2.1 Automation division 
Automation Division produces design and software for automated warehouses 
(automatic storagelretrieval system) and material handling systems. This includes 
order picker cranes, stacker cranes, automated guided vehicles (AGVs), conveyors, 
and container yard control systems. Automation does not have any production 
facilities, and uses the manufacturing resources in other division. The products are 
tailor made to the customer's needs. 
4.1.2.2 Engineering product division 
The Engineering Product Division (EPD) represents the heavy end of the crane 
business. This division concentrates usually on container handling cranes (i. e. rubber 
tyred gantry cranes, ship to shore cranes), contracts for power generation cranes (i. e. 
nuclear and non-nuclear applications), and metal handling and general engineering 
cranes (i. e. specialist steelworks cranes, hot ladle cranes, and wide range of more 
general use). EPD undertakes design work, engineering, fitting and assembly at their 
works. Structures are sometimes built by third parties, depending on the location of 
the final contract. Each crane is usually designed as a "one-off' to fulfil customer 
requirements. This division can be considered as engineer-to-order type of company. 
4.1.2.3 Hoist division 
The Hoist Division, the light end of Morris, produces hoists. The product range 
comprises electric wire rope hoists, electric chain hoists, hand chain hoists, roller 
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chain, and link chain levalifts. The products are standardised and fully manufactured 
at their works and stored for order and delivery. This division can be considered as a 
make-to-stock type of company. 
4.1.2.4 Industrial crane division 
Industrial Crane Division (ICD) manufactures different kinds of smaller overhead 
cranes. These overhead cranes are standardised and produced by the shop floor staff 
based on order. This division can be considered as make-to-order type of business. 
Among the four mentioned divisions in Morris, with respect to the company structure 
and opportunities, the Hoist Division which is a make-to-stock type, and Engineer 
Product Division which is an engineer-to-order type of business have been selected 
for case studies. 
4.1.3 Company management 
Morris is made up of two main business units, namely; Morris Engineered Products, 
and Morris Standard Products. Each unit is controlled by a managing director who 
has line responsibility for all cost and profit centres of the unit. The units are further 
sub-divided into divisions, which have either a director, general manager or a 
manager, overseeing the operations. The current staff strength in the, appropriate 
departments are detailed in Figure 4-1. The organisation chart for Morris Mechanical 
Handling Ltd. is shown in Figure 4-2. 
Among the top three divisions, the Hoist Division is selected for the first case study 
to test the effect of BPR on make-to-stock and make/assemble-to-order types of 
organisation. The Engineering Product Division (EPD) is selected for the second case 
study to test the effect of BPR on the engineer-to-order type of organisation. 
Although the proposed methodology will be tested and refined using both case 
studies. 
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Project Management & Planning 57 
Engineering 81 
Sales 54 
Data Processing & Accounts 16 
Shipping & Despatches 4 
Purchasing 10 
Personnel 2 
Quality Control 19 
Production Departments -Construction 69 
-Mechanical Fitting 110 
-Machining 110 
-Services 40 
-Installation 5 
TOTAL 577 
Figure 4-1. Morris resource disposition 
4.2 Simulation software selection 
It has been discussed earlier in section 2.6 about different computerised tools and 
their capabilities in BPR. The areas where these BPR tools are applicable were 
highlighted as; modelling, business process analysis, and human resource analysis. 
There have also been set some requirements for tool selection in section 2.6.1. These 
requirements are; process documentation, process redesign, performance 
measurements, and communication. Bradley and Browne have introduced a 
methodology for the comparison of BPR software tools which would be of great help 
in software selection (Bradley-1995). 
They identify seven categories for this comparison namely; Tool Capabilities, Tool 
Hardware/Software, Tool Documentation, User Features, Modelling Capabilities, 
Simulation Capabilities, and Analysis Capabilities. 
Tool capability category refers to all the features and functionality any tool could 
have. These features include; Simulation option and capability, Modelling option and 
capability, Analysis option and capability, Consultancy type and availability, and 
Process handling ability which refers to the complexity that the process tool can 
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handle. Comparison in this category would also provide some general information of 
the tool itself. 
Morris Mechanical Handling 
I 
iigineeced 
Products 
Division 
a Manager 
A. Miller 
Morris Cranes 
Director of Operations 
Bruce Nonidge 
Industrial 
Crane 
Division 
Moms Crane 
South Africa 
Morris 
Hoists 
G. Manager 
BM Oliver 
Cx Manager 
B. Scheckle 
Morris Hoists 
Director of Operations 
Mike Maddock 
Saks Mgr. 
B. Poulton 
Morris 
Automation 
Director 
B. Yates 
I 
Spaces 
Division 
Sales Mgr. 
Ken Kemp 
Telecmtive 
U. K 
Director 
A. Mier 
Figure 4-2. Organisation chart for Morris Mechanical Handling 
Tool hardware/software category refers to hardware and software requirements of the 
tool, however they can be modified for every case. Some of the features considered in 
this category include; the Platform that the Operating system software can run on, the 
Language used to write the tool, the Knowledge shell and Spreadsheets used with 
tool, the Client/server capability, the System performance, and the capability to 
support IDEFO or IDEF1X models. 
The tool documentation category identifies the range of documentation provided with 
the tool. The provided documents should be; Installation guide, User manual, Worked 
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example, Demo, On-line help, and Learning curve for the tool. 
The User features identifies the set of user requirements for the tool. They include; 
Decision support system, being User friendly, Easy to use, the Level of expertise 
required by the user, the Graphical user interface, and Robustness of the user- 
interface. 
The modelling capabilities category highlights a set of modelling requirements for the 
assessment of the tool. The features are; tool is Goal centred, tool is Timed Petri Nets 
operative, Data flow based diagram, Model integrity analysis, Front end analysis, 
Ease of model building, Model flexibility, Level of detail, and Rapid model 
prototyping. 
Simulation capabilities is another category which identifies a set of simulation 
requirements for assessment of the tool. The features for this category includes; 
Discrete/Continuous simulation, Time tracking, Cost tracking, using Statistical 
Distributions, Animation and Graphical capabilities. 
Finally, the last category is Analysis capabilities which identifies a set of analysis 
requirements for assessment of the tool. All features listed for this category are; 
Reasoning, Output analysis, BPR Expertise, What-If analysis, and Backward/Forward 
Chaining. 
The methodology Bradley and Browne propose is very inclusive, but it seems one 
important category is left out from the seven listed categories for comparison, which 
is the Cost of the tool itself. In some situations the cost is small in comparison to the 
cost of the overall BPR project, then this category is not important. On the other 
hand, in situations where it is for example in a BPR project for a small to medium 
company or part of a research project this category is very important to consider. This 
is the case for this study. 
For the purpose of this study, the TOP-IX software was given on a loan agreement to 
the project for a few months. Since the package had previously been used mainly in 
banking environments and not in a manufacturing environment. This was a new 
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application domain for the package and TOP-IX were very keen to know the results 
of the application and how they could use the software for BPR. TOP-IX was 
compared to the above mentioned categories with two other software in the market, 
and as are illustrated in figures 4-1 to 4-7 in later section, it can meet all the criteria 
well. Although a few problems were encountered during the case studies which will 
be discussed later in section 5.3.1.1. 
4.2.1 TOP-IX software 
TOP-IX is a software supplied by the TOP-IX Business Systems Limited for 
modelling, reporting and controlling of resources. It is a tool aimed at facilitating a 
disciplined and structured approach to procedure analysis, method improvement and 
resource qualification. Data gathered and built into a model in this software basically 
around subprocesses, activities, and tasks. Figure 4-3 illustrates the data hierarchy and 
its supporting elements in TOP-IX. 
Subprocess as defined here is "a uniquely identifiable output from a business function 
such that it can be readily counted and used as a basis for quantifying the work of that 
business function". Subprocess is composed of a number of activities and sometimes 
performed across a range of departments by different people. 
Activity is defined as "a series of related tasks performed by one or more persons 
such that the activity can be readily counted and identified as a single recognisable 
unit of work". An activity involves some tasks and may fall within several 
departments. On the other hand, activities are logical sub-divisions of a subprocess. 
Task is defined as "a series of easily recognisable actions carried out by an individual. 
It is generally the smallest sub-division of an activity that can be readily counted and 
measured". As mentioned tasks are sub-divisions of activities and can be considered 
as jobs which are assigned to an individual, however they may be performed at 
several locations by different people. 
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Figure 4-3. Data hierarchy and supporting elements in TOP-IX. 
TOP-IX provides various means of analysing the work-content and detailed methods 
required to perform a task. The techniques available include: Proprietary Data, Macro 
Elements, Time Estimates, and Data Block. Macro element is a commonly occurring 
sequence of motions too small to constitute a task but grouped together for 
convenience and speed of application. Data block is a valuable means of data 
simplification with known levels of accuracy. Time estimates is a means of 
quantifying an element of a task by time only and therefore, no traceability of its 
construction is available. The time for a task may be built from one or a combination 
of these methods. 
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4.2.2 Software modules 
Complete functionality of this software is provided through three integrated modules: 
Topflow, Topgen and Topman. Topflow and Topgen are analyst tools for the 
definition of procedures and quantification of time and cost. Topman is a modelling 
application package, driven by information from the other two modules. 
4.2.2.1 Topflow module 
Topflow provides the facility to understand the business process by means of 
"Process Mapping". It is a specially designed graphics package to produce 
sophisticated flowcharts within a windows environment. Besides process mapping it 
can facilitate production of Procedure Manuals and Quality Specification. It has two 
options for creating flowcharts. The Basic option creates general flowcharts, like any 
other packages around in the market, with the required capabilities. The SPA 
(Structured Procedure Analysis) option goes further than the Basic option by 
gathering additional information about the subprocess, activities, tasks, and their 
relationships to one another, which later would be used in running Topgen and 
Topman. In this option, the subprocess will be defined through several pages with 
intelligent nodes. On the first page the subprocess is broken into several activities 
with their relationships to each other, and in other pages the activities themselves are 
broken into tasks and the relationship between those tasks are shown. If necessary, 
the software has the capability to further break down the tasks into subtasks. It also 
has the capability to store textual information in every level which would be very 
helpful in educational and training purposes. This structured procedure analysis for a 
subprocess and its linkage is illustrated in Figure 4-4. This technique would allow the 
user to quantify the prepared procedure in terms of three critically factors of Quality 
(criticality of errors), Timeliness (criticality of lateness), and Costs (sensitivity of 
costs). 
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Figure 4-4. SPA flowchart levels for a subprocess in Topflow. 
4.2.2.2 Topgen module 
Topgen is a tool for human resource planning and costing. It consists of a database 
management system and a suite of program for quantifying resources. The two main 
databases used in this module are; one with hierarchical structure for storing details of 
procedure analysis, and another which is a set of 'Basedata' files for storing company 
information on staff, grades, equipment, departments, and branches. Figure 4-5 shows 
the Topgen hierarchy and its relationship with the Basedata files. Topgen can either 
Chapter 4 
use the proprietary data (supplied with MTM, PADS 1, and or PADS2), or time 
estimates. Either one used, it can measure the time required for each task and 
eventually can give an estimate on cost for tasks, activities, and subprocess and can 
estimate the number of staff with different grading for the job. For this calculation, 
Topgen has the capability to use macro and data block. Results in Topgen are 
displayed in textual tabulated format, which is useful for in-depth analysis of results. 
Figure 4-5. Topgen hierarchy and its relationship with Basedata files. 
For a quick overview of the situation the results can be displayed in graphical format. 
Topgen can provide analysis report for subprocess and activity. Although the analysis 
reports are customisable, it normally displays the selection made for allowances and 
parameters then summary results and finally a complete breakdown of the work 
content, cost and staffing requirements for the subprocess or activity and by staff 
grade. The task analysis report is a single screen report consisting of allowances and 
parameters selected for each task and a list of calculated times in TMU (Time 
Measurement Units) and BM (Basic Minutes). 
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4.2.2.3 Topman module 
Topman provides automatic work measurement through direct links with the Topflow 
and Topgen modules. It provides the facility for the modelling, reporting and control 
of resources with minimum manual data entry or manipulation. The data used in 
Topman is drawn from the knowledge-base of time and resources standards 
developed in Topgen. Topman is capable of providing comprehensive resource 
planning and scheduling of complete departments and business units. 
Results in Topgen and Topman are displayed in textual tabulated format, this is 
useful for in-depth analysis of results. For quick overview of the analysis a graphical 
format has been implemented. This facility exists for subprocess and activity in 
Topgen and for work mix, resource plan analysis, and performance reports in 
Topman. It will display the department related results in two ways; a summary in the 
form of a bar chart detailing the departmental results for the department quoted , and 
a pie chart showing staffing details. 
4.2.3 Software evaluation 
TOP-IX has been evaluated against the three applicable areas of modelling, business 
process analysis, and human resource analysis which have been discussed earlier. It 
can strongly cover these areas through the three modules of Topflow, Topgen, and 
Topman respectively. It has also been evaluated in detail by the methodology 
proposed by Browne (Bradley-1995). In his paper he talks about four different tools 
namely; DECmodel, ProcessWise, Business Design Facility (BDF), and Enterprise 
Modelling System (EMS). Then, he compares them using seven categories which 
have been discussed in section 4.2. Here, the results of comparison between TOP-IX, 
BDF, and EMS over the same categories, adapted from his paper, follows in figure 4- 
1 through figure 4-7. 
In figure 4-1, tool capability category table, it is shown that TOP-IX has all the 
capabilities that the other tools have. In hardware/software comparison in figure 4-2, 
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it is illustrated that TOP-IX covers all the listed features except the spreadsheets 
capability and supporting IDEFO/IDEFIX standard which BDF covers. 
Features BDF EMS TOP-IX 
Simulation option Y Y Y 
Simulation capability V Good Good Good 
Modelling option Y Y Y 
Modelling capability V. Good V. Good V. Good 
Analysis option N N N 
Analysis capability - - - 
Consultancy availability Y Y Y 
Consultancy type Both Both Both 
Process handling ability Complex Complex Complex 
Figure 4-1. Tool capability category comparison table. 
Features BDF EMS TOP-IX 
Platform PC PC PC 
Operating system MS-Windows MS-Windows MS-Windows 
Language C Smalltalk C 
Knowledge shell N N N 
Spreadsheets EXCEL N N 
Client/server N N N 
System performance V. Good Good Good 
IDEFO/IDEFIX Y N N 
Figure 4-2. Tool hardware/software category comparison table. 
In the category of tool documentation, which is illustrated in figure 4-3, TOP-IX is 
very well documented and except the demo feature it covers all other features. On the 
user features category, which is illustrated in figure 4-4, TOP-IX covers all the 
features that the other two software packages cover. On the analysis capability, shown 
in figure 4-5, TOP-IX is similar to the other two software packages. 
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Features BDF EMS TOP-IX 
Installation guide y y y 
User manual y y y 
Worked example y N Y 
Demo Y N N 
On-line help Good Poor Good 
Learning curve for tool Steep Moderate Moderate 
Features BDF EMS TOP-IX 
Decision support system N N N 
User friendly Y Y Y 
Easy to use Y N Y 
Level of expertise required Moderate Moderate Moderate 
Graphical interface Y Y Y 
Robust Y N Y 
Features BDF EMS TOP-IX 
Reasoning N N N 
Output analysis N N N 
BPR expertise N N N 
What-If analysis Y Y Y 
Backward/forward chaining N N N 
For the simulation category, which is illustrated in figure 4-6, TOP-IX does have all 
capabilities the other two software have except the animation. I believe animation 
would be very helpful when there is a possibility of simulating continuous events, 
which is not the case here. Finally, on the modelling capability, as shown in figure 4- 
Chapter 4 
7, TOP-IX is capable of performing all features except the rapid model prototyping. 
Features BDF EMS TOP-IX 
Discrete/continuous D D D 
Time tracking y y y 
Cost tracking y y y 
Statistical distributions y y y 
Animation capabilities N Y N 
Graphical capabilities y Y y 
Figure 4-6. Simulation capability category comparison table. 
Features BDF EMS TOP-IX 
Goal centred N N N 
Timed Petri Nets N N N 
Data flow Y N Y 
Model integrity analysis N N N 
Front end analysis N N N 
Ease of model building Moderate Moderate Moderate 
Model flexibility High Moderate Moderate 
Level of detail Moderate Moderate Moderate 
Rapid model Prototyping Y N N 
Figure 4-7. Modelling capability category comparison table. 
As is illustrated in the above tables, despite a few shortcomings, which in some 
categories just one of the compared software packages has that capability or feature, 
TOP-IX is comparable to the other two PC based packages. On the other hand, it was 
available free of charge for this project which is another significant reason for 
selecting it. 
Chapter 4 
4.3 Summary 
This chapter covers the selection of the case study for this research from two aspects. 
The first aspects is the company chosen and its strong points. The second aspect is 
the simulation software chosen for this study. 
This chapter includes two main sections on the selection of the company, and the 
selection of simulation software. In first section some criteria for selecting a suitable 
company for this research are laid out. Then, the Morris Mechanical Handling Ltd. 
has been selected and a brief profile of the company and its main divisions are 
provided. Out of four divisions existing at this company, the Hoist Division and 
Engineer Product Division are selected for the two case studies following in later 
chapters. 
In the second section some categories on the selection of simulation software are laid 
out. Then the TOP-IX has been selected and a brief description of the software and 
its modules are provided. Finally TOP-IX is compared, based on the categories 
defined, with two other PC-based simulation software packages available on the 
market. 
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5. Case study I- Hoist division at Morris 
This chapter describes the case study which was carried out in the Hoist Division of 
Morris. It was conducted to demonstrate the application of the proposed 
methodology. It will also be used to evaluate the effect of BPR on make-to-stock type 
of organisation, and the impact of Information Technology (IT) on BPR. 
5.1 Case design 
The case design follows the proposed methodology described in chapter 3, although 
certain modifications have been made due to the nature of the study being a research 
project. Out of the four stages of the methodology, the `Preparation' and 
`Implementation' stages have to be toned down due to this constraint. The case study 
then concentrated on the remaining stages of `Modelling' and 'Redesign' using tools 
and techniques defined earlier. 
In order to develop a full perspective of the case, data were collected from several 
sources to encompass a series of evidence and to permit a reasonable modelling of the 
process under study. Primarily, the data were obtained through the review of 
documents and interview of selected company personnel. While the review of written 
documents such as operating procedures can tell how a system should operate, the 
interviews provide user views about current operations. Although not mentioned 
earlier, a substantial amount of information was obtained through Professor Neil 
Bums, the supervisor for this study, who acted both as a sponsor and a facilitator to 
the case study. 
5.2 Organisation background 
The organisation under study was the Hoist division of Morris Cranes, a business unit 
in Morris Mechanical Handling Limited. It is a make-to-stock type of organisation 
and can also serve as a make/assemble-to-order type of organisation. This division 
produces hoists based on forecasting performed by the marketing department. The 
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area selected for reengineering, based on the importance highlighted by the literature 
review and the sponsor in section 2.2.3, is the Customer Order Processing (COP) 
system. The COP business process covers the four cycles of book/bill, 
design/develop, spec/resource, and purchase/produce which was discussed earlier in 
section 2.4. It was also mentioned that amongst the four cycles, the purchase/produce 
cycle is more developed and the design/develop is the least developed cycle. The 
remaining two cycles of book/bill and spec/resource have good contribution to COP 
and it was worth trying to work on them. . 
The company has recently purchased an integrated information system called 
TRITON 2.0. Although it is widely used to integrate activities that span over several 
departments of, the organisation, there are still significant physical paper flows 
existing along side the Triton system. 
5.3 Case execution 
As mentioned earlier in this chapter due to the nature of this study the first stage of 
methodology, which is "Preparation", has been toned down. In this stage, the first 
step, securing management commitment, was not applicable. In the second step, 
organising reengineering teams, the team was very small including myself and the 
supervisor of this study. On several occasion a few other people from the firm were 
involved and there were mostly used as consultants in the area of information systems 
and management. As the third step in this stage, setting performance goals, the 
following factors of cost, quality, and lead time have been chosen to be studied. 
Another element which directly relates to cost and lead time is number of staff which 
involved in the activity. As for the fourth stage, identifying reengineering 
opportunities, all business processes in the firm were discussed by the reengineering 
team. Based on the importance of the "Customer Order Processing" system and the 
effect it could have on the image of the firm in today's competitive market when 
reengineered, it was chosen to be the first business process for reengineering. 
As for the second stage in the methodology, "Modelling", it is described in chapter 3 
and will be followed through in more detail in the following sections of 5.3.1 and 
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5.3.2. 
The third stage of the methodology which plays a big role in this methodology is the 
"Redesign" stage. This stage will also be discussed in great detail in sections 5.3.1 
and 5.3.2. 
Finally the last stage in this methodology "Implementation" has been toned down due 
to the nature of this study. Although, when the result of this study is outlined, there 
would be a good opportunity to contact the firm and establish a mutual understanding 
on the reengineering of the COP process there. 
Before going into the next section, it was decided by the reengineering team to model 
two environments for the case study and evaluate the results separately and also 
compare the results of the two environments together. The first environment is the 
current situation of the firm where an IT system (TRITON 2.0) has been implemented 
and used efficiently. Since the transfer of information from one location to another is 
performed through the existing IT system, this environment will be called the "IT- 
based" environment and the models created here will carry the "IT-based" prefix. The 
second environment is the situation when the firm had not yet purchased the current 
IT system. In this environment transfer of information is handled manually, and this is 
called the "Manual" environment. Subsequently all models in this environment will 
carry the "Manual". Existence of these two models will be helpful in evaluating the 
effect of the IT system on BPR. 
5.3.1 IT-based environment 
In this section of the case study, the main two stages of the methodology, Modelling 
and Redesign, will be reviewed. The other two stages, Preparation and 
Implementation, will not be discussed here. The case will be built around the current 
"as-is" situation of the Hoist division at Morris. 
5.3.1.1 Modelling 
As the first step in modelling, all the documents available by the firm about the COP 
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function was studied. There were lots of interdepartmental activities which crossed 
the departmental boundaries. Later through several brainstorming sessions at different 
time interval with staff involved in this process, additional information was gathered. 
After spending quite some time on this step, the overall figure of the COP crossing 
different departments was developed which is illustrated in Figure 5-1. 
Later, different activities involved in the COP process were identified, and by the use 
of input/output analysis the information flow for the entire COP process was mapped. 
The COP here was considered as a sub-process which consisted of six different 
activities. These activities were also broken down further to the level of tasks. 
Another important tool which was used here to complete the "document existing 
process" step is the flow chart analysis. Figure 5-2 is the flow chart for the COP 
process along with the activities and tasks involved in it. It also shows the complete 
information flow for this process regardless of department boundaries. This flow 
chart was prepared in the Topflow module of TOP-IX. 
In figure 5-2, for every activity and task there is a number in angular bracket. These 
numbers indicate the percentage of order going through a specific activity or task. For 
example in the "Take the order" activity out of 1.00 (100%) orders only 0.98 (98%) 
goes to the "Follow inventory activities" the next activity, and 0.02 (2%) is rejected. 
Then, only 0.66 (66%) goes through the manufacturing and purchasing activities, and 
the rest of the orders directly are fulfilled from the inventory. These numbers are 
essential for calculating the lead time and cost of an average order in the simulation 
package when modelling the COP. 
The next step in the modelling stage, which has quite importance in this study, is the 
creation of the simulation model. The flow chart already prepared in the previous step 
was useful and transferred to the Topgen module of TOP-IX. There were lots of other 
information, on production and management aspects of orders, required to build an 
adequate model which were gathered from the firm. 
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PROCESSING SALES ORDER 
Take the 
order 
< 1.0000 > 
.. -... -. -. -. T_. _... _. _. _.. 
** SUB-PROCESS ** 
Follow Follow 
Inventory Manufacturing; 
Activities ý, Activities :C 
< 0.9800 a8 
_. _..... _. _. T_. _. _. _. _. _.. 
I 
< 0.6600 >C : 
Follow 
Despatching 
Activities 
< 0.9800 >E: 
Follow 
invoicing 
activities 
< 0.9800 >F 
_. _... Follow 
_. 
Purchasing 
activities 
< 0.6600 >D: 
Figure 5-2. Flow chart for COP sub-process of Hoist division 
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TAKE TEE ORDER 
ý 
Get the order 
< 1.0000 >f 
2 
( 
ý 
ý 
Check the order 
< 1.0000 > 
-4 Discuss the order I<1.0000 > 
Yes 
cl 
Give order number 
< 0.9900 > 
IL 
Check credit status' 
i<0.9900 > 
''Is\ 
, credit 
okay?., 
Yes! 
c 
No I Reject the order 
----, ý < 0.1000 > 
I 
No I Reject the order 
><0.1000 > 
7 
Yes 
writte ) 
\orderP 
NO... 
Enter ^into* systems 
< 0.9800 > 
r . Despatch 
"conformation to" 
customer 
** ACTIVITY ** A 
x 
D 
ý t 
i 
_ý Activitp B 
Figure 5-2. Continued. 
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Follow Inventory Activities 
Check inventory 
status 
< 1.0000 
Check incoming 
status 
< 0.5000 > 
z Isý 
suffic- 
-, ient/ 
Noi 
Check 'on-order" 
file 
< 0.4500 > 
7 
Yes 
** ACTIVITY ** B 
ý 
Retrieve the part 
< 0.6400 > 
1 
2 
Notify sales part. 
ready > Activity A 
< 0.6400 > 
No 
i 
i 
ý 
I 
ý 
Send part to 
despatch 
< 0.6400 > 
I 
2ýL 
> activit y_Eý 
check status 
'after item picked' 
< 0.6400 > 
"'. 
Is1i 
\ 
uqh ` 
Yes 
Na 
Release order for 
7 production -> Activity C 
< 0.6700 > 
Figure 5-2. Continued. 
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Follow Xanufacturinq Activities 
Place order on j 
1 : 0? S ; 
< 1.0000 >t 
D 
Delay to run 
XRP^ program 
< 1.0000 > 
Run IBP" program 
< 1.0000 > 
T 
ý 
Release purchases 
order 
<1.0000> 
r 
Release shop 
order 
< 1.0000 > 
IL 
ý 
D 
Delay item to 
be produced- 
< 1.0000 > 
I 
Produce the part 
< 1.0000 > 
Send the item to. 
despatch 
< 0.5300 > 
Notify sales 
part ready 
< 0.5300 > 
ý v 
:L 
Activity D 
:" ACTIVITY ""C 
Send part to 
} store > Store 
< 0.4700 > 
N > Activityj 
> 
Figure 5-2. Continued. 
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Follow Purchasing Activities 
Place the purchaser 
order 
< 1.0000 > 
ý ý ý 
Send order 
transition 
< 1.0000 > 
"" . \CTIVITT ". 0 
SpL_ý 
ý 
c 
Receive 
confirmation note! 
< 1.0000 > 
c7 
Enter purchase Rledger 
"order" 
< 1.0000 > 
ý 
Receive & process- 
the invoice 
< 1.0000 > 
F Enter purchase ledger 'reciept" 
< 1.0000 > 
I 
Check item against 
the order 
< 1.0000 > 
Yes 
! Despatch item to 
! internal department 
1<0.9800 > 
ý 
ý 
0.0200 > 
Figure 5-2. Continued. 
No i Contact supplier! 
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FOLLOW DESPATCHING ACTIVITIES 
Check order 
infozmation 
< 0.9800 > 
b 
Obtain packing 
material 
< 0.9800 > 
Check packing 
material 
< 0.9800 
enough? > 
Yes 
: Pack ordered items 
< 0.9800 > 
No 
** ACTIVITY ** E 
r"ý 
; Prepare material 
"for packing" 
< 0.0500 > 
I 
i 
ý3 a, 
cý- 
Delay to be" i 
despatched 
< 0.9800 > 
. Despatch 
finished 
packages 
< 0.9800 > 
inform accounts 
< 0.9800 > 
v 
Figure 5-2. Continued. 
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Follow Invoicing Activities 
Prepare invoice 
< 1.0000 > 
ý 
Despatch invoice 
< 1.0000 > 
b 
ýZ 
D 
Delay "of" 
customer money 
< 1.0000 > 
T 
2 
Check 
periodically 
customer account 
v 
No 
ý 
Yes 
Issue 'payment, 
required note 
< 0.4000 > 
i 
I 
i 
i 
a 
Yes Is 
n 
Notify ledger 
< 0.9600 > 
-i- 
1 
Enter cash book? 
< 0.9600 > 11 
ý'i 
I 
"" ACTIVITY "* F 
c 
D 
7 
\polYi 
1 
No i 
d. 
, Follow legal 
action 
< 0.0400 > 
Figure 5-2. Continued. 
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There were also some technical problems on building the model with TOP-IX. These 
problems were relayed back to the TOP-IX to be fixed on future version of this 
software. The problems and how the author got around them are followed; 
1. First of all, the software vocabulary was not big enough to accept any words or 
combination of words. To overcome this problem sometimes the "^" character 
were used and in some cases different combination of words were tested and 
finally an awkward combination was accepted by the software. 
2. Another problem was the lack of capability to deal with "organic" type of tasks, 
where liaison or fuzzy decision making is taking place. To deal with this problem, 
the time for performing this organic task had to be "guestimated" rather than 
calculating it through software proprietary data (MTM, PADS 1, and PADS2 
discussed in section 4.2.2.2) precisely. In some cases where variable work-loads or 
queues occur, the software can not deal with it and should be dealt with manually. 
In other cases, it was required to break the tasks down further, which TOP-IX was 
not capable of it, and inevitably more than one person were assigned for that task 
(opposing to the task definition in section 4.2.1). In these situations, the time for 
performing the task was hard to assign precisely. In either case, contacts have been 
made with the individuals performing specific task and they have been asked to 
give an estimate of time for this task based on their previous experience. 
3. Another problem, which greatly affected this case study, was lack of ability to put 
"Delays" in the model. On one hand the delay times is considered as part of the 
lead times and can be treated as a task, and on the other hand nobody is performing 
this task. To compensate this problem, it was decided to treat "Delays" as a task 
and assign a person to perform it, but the direct cost and overhead cost for this 
person would be set to zero. 
The "as-is" model was successfully prepared (after compensating for the above 
mentioned problems) and the results of the simulation model on cost, lead times, and 
number of staff were compared with actual real life situation at the firm. The results 
were very close and it proved that TOP-IX could be used as a reengineering tool to 
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model industrial enterprises with my modification and methods of handling problems 
arose in the software. 
The brief result of the simulation on the COP sub-process of the Hoist division of 
Morris is illustrated in Figure 5-3. The complete results on the sub-process, including 
all the activities, and tasks are presented at appendix I. 
"As-is" Model for the IT-Based Environment 
Total SM's (Including Allowances) 8089.47 
Total Time in Days 19.26 
Total Actual Cost/Unit £ 330.67 
Staff Required for TWW @ Department Performance 311.80 
Staff calculated for Delay Time 255.95 
Total Staff Required for Actual Work 55.85 
Figure 5-3. The result of TOP-IX on the "as-is" model of COP. 
The total standard minutes for the whole COP process has been calculated by the 
software to be 8089 minutes. When considered seven hours of useful work per day, 
the total time for an average order to go through this firm is 19.26 days. Since the 
grade of individual performing different task and their related cost along with 
company overhead has been supplied to the software, it can predict an average cost 
of a unit ordered not including the material cost, which in this model is £ 330.67. The 
staff required to execute a volume of 50 orders for a Typical Working Week (TWW) 
at different department performance percentage supplied earlier to the software is 
311.80. Due to the problem mentioned earlier in dealing with delays, the staff called 
delay with no direct and overhead cost involved is defined. The software estimates 
255.95 delay staff in this model. When the delay staff is taken off the required staff 
calculated previously, the total staff required for performing actual work of 50 
average orders per one typical working week is 55.85. 
5.3.1.2 Redesign 
This stage is considered to be the most intuitive stage of all in every reengineering 
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project. In the proposed methodology, it was attempted to develop enough systematic 
steps to ease the difficulties and disturbances existing. 
In the case study, as well, it is tried to follow all proposed steps. The first step was 
waste elimination and the technique introduced was the four levels of QFD matrices 
(explained earlier in section 3.1.3.1). The four QFD matrices built for this case study 
are illustrated in Figures 5-4 to 5-7. 
usiness Planning 
0 
°N 
"a 
. 3 E 
110 
ý 
10 
4 .ý 
Characteristics oo . 
> "rs N > 
ý 
.ö E -0 :a 8- V) 
M 
Customer 
0 
E gip,, °n ý"ý an > -d z 
Requirements o x 
Good communication O d 4 
Quick response to 0 0 O 4 
order 
Being involved in 3 
design of new 0 0 
products 
On time delivery 0 0 0 5 
Flexible ordering 0 0 d 0 2 
system 
Raw Weight 45 53 23 44 54 
Normalised Weight 21% 24% 10% 20% 25% 
Figure 5-4. The Planning Matrix (aVery strong valued 5, 
0 -Strong valued 3, and 
d-Weak valued 1). 
For the first matrix, the planning matrix, the customer requirements were gathered 
and a set of business planning characteristics, which could fulfil the customer 
requirements, were defined by the reengineering team. The priorities of customer 
requirements and the relationship between the customer requirements and business 
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planning characteristics were also set in the team. Finally a normalised weight for 
every business planning characteristics were calculated and considered as the 
importance value of that characteristics. The importance value was then transferred to 
the next matrix, called deployment matrix, as shown in Figure 5-5. 
Planning ä 
10 
0 ý 
0 
P M 
CA 
. Characteristics Characte a, o 0. 0 V-4 oN W-H C "0 * 
Nand '0 a a o' U0 
Business 'b ; "ý N 0b öö ä Planning 
Characteristics 
ä 
b Ä 
Good control of order L1 O O O 21 
time and costs 
Having highly skilled O 0 a 24 
people 
Being innovative 
developing new 0 0 0 10 
ordering system 
Applying quality and 0 a O O 20 cost standards 
High involvement and 0 0 O 25 
team spirit 
Raw Weight 306 213 125 334 375 
Normalised Weight 23% 16% 9% 25% 27% 
Figure 5-5. The Deployment Matrix (O-Very strong valued 5, 
O-Strong valued 3, and A -Weak valued 1). 
In the deployment matrix a set of planning characteristics and their relationships to 
business planning characteristics were defined by the reengineering team. Based on 
the relationships defined, and the importance of business planning characteristics 
calculated in the planning matrix, then the importance of the planning characteristics 
were calculated and a normalised weight for every planning characteristics was 
achieved. The normalised weights considered as the importance of planning 
Chapter 5 
characteristics and was transferred to the next matrix, called process planning matrix, 
as shown in Figure 5-6. 
Processes 
Employed ý, - 
U ä ö ö 
Planning º-. a 
y 
q 
U 
º. ý 
Characteristics 
Rewarding system and 
encouraging people 0 0 0 0 23 
for training 
Employ experienced O O O 0 O 16 and trained people 
Streamlined O 0 9 
information sstem 
Measurement systems 
aimed at controlling 0 25 
time and costs 
Developing 
continuous 27 
improvement culture 
Raw Weight 375 454 219 142 162 
Normalised Weight 28% 33% 16% 11% 12% 
Figure 5-6. The Process Planning Matrix (O-Very strong valued 5, 
O-Strong 
valued 3, and d-Weak valued 1). 
In the process planning matrix the processes employed to meet the planning 
characteristics were identified and their relationships with the planning characteristics 
were defined by the reengineering team. Based on these relationships and the 
importance values derived from the deployment matrix, a normalised weight for 
every process employed was calculated. These values are considered the importance 
value for the processes employed and were transferred to the next matrix as is shown 
in Figure 5-7. 
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In this final matrix of QFD, all the activities and tasks involved in the COP business 
process were listed and the relationships between the activities and the processes 
employed were defined by the reengineering team. Due to the number of activities 
involved, this matrix has been flipped 90 degrees to illustrate more activities in one 
sheet. Based on the relationships defined and the calculated importance values of 
processes employed from previous matrix, the normalised weights, or in other words, 
the importance values of all activities and tasks of COP are evaluated. The result of 
this step of the redesign stage will be some calculated values for every activities and 
tasks involved in the COP business process based on the customer requirements. 
These values will later be transferred to the BPR processing chart. 
As for the "selection of IT lever" step, since the firm already has purchased an IT 
system it would be hard to justify purchase of another IT system, so it was decided to 
make the best use of the current system. The next two steps of this stage, identifying 
runners/repeaters/strangers and input/output analysis were performed and the result of 
these steps is reflected in the BPR Processing Chart illustrated in Figure 5-8. 
The tasks in the entire COP have been listed in the chart, and based on the current 
department where they are performed with an "A" abbreviated for action. Based on 
the result of input/output analysis for every task an "0" or one or several "O"'s have 
been designated. This would help to visualise how every activity in this sub-process 
would cross different departments and how they are scattered. 
The category of tasks have also been shown in the chart which could be "R", "Rp", or 
"S" standing for runner, repeater, and stranger (explained earlier in section 3.1.3.2). 
Another column in the chart is designated for the type of tasks which can be "M", 
"O", or 't' standing for manual, organic and information (explained earlier in section 
3.1.3.5). In this case study the IT system (TRITON) has been used and all information 
has been transferred through the system. 
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Im ortance 28 33 16 11 12 
Processes 
Employed 
Activities 
& Tasks 
to 
low ° 
> ' 
ö 
1! 
ä 
'° 
as Ä 
AC 3 £N 
Get the order O 84 1.8% 
Check the order d 40 0.8% 
Discuss the order " 140 2.9% 
Reject the order 28 0.6% 
Give order number a 28 0.6% 
Check credit status " 60 1.3% 
Reject the order 28 0.6% 
Enter into the system " e 152 3.2% 
Despatch confirmation to customer & other Dept. 0 O e e 222 4.7% Check inventory status " 165 3.5% 
Check incoming status " 80 1.7% 
Check on-order file " 80 1.7% 
Print delivery instruction " O 212 4.5% 
Retrieve the part " 165 3.5% 
Noti sales 0 183 3.9% 
Send part to despatch " O 198 4.2% 
Check status after part picked " 181 3.8% 
Release order for production " O 213 4.5% 
Place order on MPS O 48 1.0% 
Run MRP program " 0 A 225 4.7% Release purchase order " e 92 1.9% 
Release Shop order 0 99 2.1% 
Produce the pan " 165 3.5% 
Send the item to despatch e O 0 160 3.4% 
Notify sales art ready 0 " 249 5.2% 
Place purchase order " 0 116 2.4% 
Send order transition " 80 1.7% 
Receive confirmation note 16 0.3% 
Enter purchase ledger (order) 0 60 1.3% 
Receive ordered item a 23 0.5% 
Receive invoice 0 36 0.8% 
Enter purchase ledger (receipt) e " 76 1.6% 
Check item against the order " 177 3.7% 
Contact supplier O 48 1.0% 
Despatch item to internal dept. " 165 3.5% 
Check order information " 55 1.2% 
Obtain packing material 33 0.7% 
Check packing material O 33 0.7% 
Prepare material for packing " 55 1.2% 
Pack ordered items " 55 1.2% 
Despatch finished packages " 55 1.2% 
Inform accounts 0 O 69 1.5% 
Prepare invoice " 60 1.3% 
Despatch invoice " 60 1.3% 
Check customer accounts O 36 0.8% 
Issue payment Required note 0 36 0.8% 
Follow legal action 0 36 0.8% 
Notify ledger O 36 0.8% 
Enter cash book 36 0.8% 
Figure 5-7. The Operating Instruction Matrix (Q-Very strong 
valued 5, O-Strong valued 3, and d-Weak valued 1). 
Chapter 5 
CL. R, CL 
D .ý .. N 
as p , 
S .. .. .. 1-4 
U 
cýi 
C 
i 
.., .ý , "Vy ý . - .. 
o l I 
CLü ý ý .. .. 
.r 
. ý. a a º- -- a o 
0 ° p 0 0 a a p p a a ä ä a a 
" a o p ý a 
ý 
u ä ä ä '" 1 1 ä ä ä 
1 
ä ä 
u o 
W ü 
Ö 
u 
10 
O C ^ .Ü ý J 
r 0 
ý ý '.., 
U L ý 
"p 
o 
ff 
u 
ö Ä ü ý 
4 
ý 
tK 
u 
4, 
ý, ü 
, u O 
Z 
O ü 
.2 
= ý H u 
C 
ö ý öý ° 
ü 
ý 
v 
H 
O 
r 
u 
u 
O 
` oo V > ý g > ý u 
0 7 
ý 
ý S. 
Q 
ý r u rJ ü cti 
0 u .s u 
ý o 
C .Cü U . 
ý.. 
. .ý '. 
e O " V ý ý N !Q N o V 
ö - U y U Ü ý to . - 
I 
TO e. % 
.` . / 
"'ý 
V 
T 1 U 
~ 
4 
0 u o x C7 
ý , 
u oc 
C 
w 
ý 
cýýv 
.C 
u ýi u cý 
ü 
x 
0 
z in oc 
ý 
a cx 
ü 
oc 
ü 
o: En z n. 
Wý 
- eE S° 8ý ee e4 e4 eE e° - ee - e4 ee e4 
e° 
v e4 v e° e4 c e° 00 
e° 
I 
9 LE aQ * ý e e ý e° a 'o 00 C7, 'O 'o en 'o C 4 t v1 cý [ý 1 1 o ! n t` a . - n v cý v a> º= O N O O - O e+i <Y e+i - - tt en en All en ý! - ý - N en en v) N 
0 
ý p ý p ä .. .. , .., 1 .. .. ., g ý .., ý ., .. ., .. _ ., ý ý .. .. 
V oc a oc a g o: a oc oc oc oc o: a oc oc oc oc oc a a a a a a a a 
-120- 
Chapter 5 
C. 
" ° ä ä p a 
wU 
... rr ý.. 
S 
., .., Q .. a ä a ä a a a 
a a a a ä 0 Fl 
. 
ý 
o '" o o ý a a a 
u 
O "" 
w 
° ° äS ~ < a 
aý ýH 
O 
u 
L=r 
u 
` 
'r 
E 
u u 
Ä 
v, 
the 
u 
c p 0 ö a ;; u Y C V 
O O 
up Ü 
: ' 
ý y 
ý " 
E 
C 
A 
C 
" 
ýO 
q 
cý ý .. 
O 
G c0 ¢ 
^ .. 
ü u 
ö 
ý 
Ä 
c 'Ä ý, ^ 
p 
« 
E 
O ý. 
. 
°- 
E 
e 
E 
ý 
ý 
ý 
. 
ä C V 'p 
E a 
Y 
ü u ý a Ö > 1° u > 
. u 11 
-- 
c 
u 10 ý eý 
ed 1.. 
ca 
> 
" 
g E 
'ý 
'p 
^ 
t H 
ý 
G 
p u 
" 
u 
.> 
u 
" 
", 
CL . 
SC 
.+ UA 
V 
A 
O 
iC .C . 
1C ý O A 
uy 
ea 
u 
ta 
U ev 06 C >, u 
ý, r 
9 
E+ 
10 
u 
UV ý 
x 
C 
w 
U 
u 
x 
U 
u 
x 
ý, 
V 
G 
w 
u 
= 
u 
.. . C 
0 
u 
tn 0. 
u 
D 
uu 
t 
U 
a 
-p O 
U 
t 
U 
u 
cý 
V 
a 
y, u 
o 
G 
tOC 
ý.. ä 
ti 
d 
o 
? 
ü 
7 
.. I?. 
ý 
z w 
te a4 ap e° eR aR ep ep tR tR se sp tR sý ý ý ý tR eR cR rt R1 fn Y1 00 'p r,: 0 V1 (V 9- t- N N N V, en M 00 00 c 
00 
c 
00 
c 
00 
c o, > _ c - c c 
0E 
ý x Vý x x x x x x x N x x x 
1 
a x 1 x 
1 
x 
I 
x x x a ý x x 
-121- 
Chapter S 
As for the next step, based on the concept of natural grouping and the information 
prepared earlier through the previous steps, several new models were designed and 
simulated. For evaluation of new models the "As-is" situation of the COP and how it 
crosses the departmental boundaries, the information flow for this business process is 
illustrated in figure 5-9. Among all the new models, the best one based on the flow of 
information through the new grouping and the results of simulation was chosen. The 
proposed new model is presented in the figure 5-10. 
In the as-is model, which is illustrated in figure 5-9, there are six functional 
departments involved in the COP business process. The order will cross the 
departmental barriers several times, and keeping track of the order through this layout 
is very hard. 
One suggestion for the new model could be having one big natural group with no wall 
including every activity in the COP. This would create a situation where the repeater 
and stranger tasks, along with their related equipment and staff, would be under- 
utilised because not all orders follow through these tasks. Consequently this is not a 
good suggestion. 
In the new model proposed, which is illustrated in figure 5-10, it was tried to bring 
together all activities and related tasks under one natural group called "Customer 
. 
Order Processing". This new group would contain mostly the runner type of tasks. 
This natural group and the individuals working in it are fully occupied with 
processing the orders coming through. The repeater tasks and their related activities 
then were placed in a new natural grouping called "Procurement". Since all the orders 
will not go through this natural group, the individuals and equipment in it will not be 
efficiently working. As a result, this new group will be connected to another business 
process in the firm, i. e. the business process which orders the hoists through 
scheduling still based on forecasting. This business process always tries to keep a 
reasonable level of inventory of hoists available for despatching. The only stranger 
task in this sub-process will be assigned to another business process performing the 
legal matters of the whole company. 
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Customer Sales Order Processing Procurement 
Place order 
Customer Check 
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check 
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Receive 
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pan 1 Supplier 
.......................................... 
Figure 5-10. The new "To-be" model for COP of the Hoist division of Morris. 
The simulation results of the new model on COP sub-process of Hoist division of 
Morris is illustrated in Figure 5-11, while the complete result of sub-process, every 
activities, and every task are presented at appendix H. 
"New" Model for the IT-Based Environment 
Total SM's (Including Allowances) 4908.29 
Total Time in Days 11.69 
Total Actual Cost/Unit £ 330.67 
Staff Required for TWW @ Department Performance 182.60 
Staff calculated for Delay Time 126.81 
Total Staff Required for Actual Work 55.79 
Figure 5-11. The result of TOP-IX on the "New" model of COP. 
The result of this new model is very satisfactory. The lead time for an average order 
of hoist based on the real life situation and the as-is model is 19.26 working days will 
be shorten to 11.69 working days in the new model, which is a decrease of about 39% 
in lead time. The other areas of comparison, cost and number of staff required, do not 
show any change and that is mainly due to difficulties encountered in creating and 
running the model. As mentioned in section 5.3.1.1, it was not possible to put delays 
-124- 
Chapter 5 
in the model. As a result I have defined a task as "Delay" and used staff with no direct 
and overhead cost assigned to it. Now if an overhead cost is assigned for "Delay", a 
reduction of 50% would be significant through this element. On the other hand, at the 
firm although they have automated the transfer of information through the IT system, 
still they manually transfer information through the standard forms. In order to use 
the result of this case study for testing the effect of IT on BPR, I used the same 
concept of manual transfer of information in the new proposed model. Consequently 
the number of required staff does not show any change. 
5.3.2 Manual environment 
The second environment to apply the methodology is the "Manual" environment, 
where the current IT system has not been implemented. In this environment the 
transfer of information is performed manually. The procedure for ordering a hoist is 
still the same and all the activities and tasks involved in the COP are assumed to be 
the same. The main reason behind making this model was to evaluate the current IT 
system and the effect it had on the COP in this firm. 
The same two stages of modelling and redesign, which were discussed in the IT- 
based environment, are performed thoroughly here. The other two stages of 
preparation and implementation are toned down and not performed. 
5.3.2.1 Modelling 
The same information gathered earlier was used here and the information flow chart 
for COP in this environment was prepared. The only difference it had this time was 
the tasks, which somehow, were dealing with transferring information across physical 
boundaries. Instead of using the IT terminals for transferring information, it was 
assumed that information would transfer manually across physical boundaries as it 
was done before the usage of the IT system. The new flow chart for COP sub-process 
of Hoist division for the manual environment is presented at appendix III. This flow 
chart was prepared in the Topflow module of TOP-IX. 
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As the next step in this stage, the simulation for the "As-is" model was prepared. 
There was some new information required which mostly involved the old manually 
driven, transfer of information, tasks. This information was gathered from the firm 
and usually the people consulted with were asked to estimate the time required to 
perform these tasks without computer support and before significant changes were 
made to the business. There were a few tasks which they had to guess the required 
time but they were accepted as a good guess by the responsible people. 
The information was used to build the simulation model and the results on cost, lead 
times, and number of staff were quite satisfactory. The brief result of simulation on 
the "As-is" model of COP sub-process in manual environment is illustrated in Figure 
5-12, While the complete result on sub-process, activities, and every task involved are 
presented in appendix N. 
"As-is" Model for the Manual Environment 
Total SM's (Including Allowances) 8407.58 
Total Time in Days 20.02 
Total Actual Cost/Unit £ 390.27 
Staff Required for TWW @ Department Performance 323.10 
Staff calculated for Delay Time 255.95 
Total Staff Required for Actual Work 67.15 
Figure 5-12. The result of TOP-IX on the "as-is" model of COP. 
The total standard minutes for the whole COP process has been calculated by the 
software to be 8407 minutes. When considered seven hours of useful work per day, 
the total time for an average order to go through this firm is 20.02 days. Since the 
grade of individual performing different task and their related cost along with 
company overhead has been supplied to the software, it can predict an average cost 
of a unit ordered not including the material cost, which in this model is £ 390.27. The 
staff required to execute the volume of 50 orders for Typical Working Week (TWW) 
at different department performance percentage supplied earlier to the software is 
323.10. Due to the problem mentioned earlier in dealing with delays, the staff called 
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delay with no direct and overhead cost involved is defined. The software estimates 
255.95 delay staff in this model. When the delay staff is taken off the required staff 
calculated previously, the total staff required for performing the actual work of 50 
average orders per one typical working week is 67.15. 
5.3.2.2 Redesign 
In this stage, the same steps defined in the methodology were followed. Since the first 
step and the outputs are the same as derived in the IT-based environment earlier, it 
would not be repeated here and the reader would be referred to section 5.3.2.1. 
In the two steps involved in identifying runners/repeaters/strangers and input/output 
analysis, they were performed adequately and the results are illustrated in Figure 5-4 
which is quite similar to the one prepared earlier. 
Even as for the new model in this case, it is tried*to use the same one prepared and 
simulated earlier. The new model is shown in Figure 5-9. Usage of the same new 
model here, would eliminate any chance of alteration on the simulation results based 
on the nature of the model itself. 
As for the step of "selection of IT levers" in the redesign stage, it was decided by the 
reengineering team not to use any IT system at all. This would be very helpful in 
analysis of the usage of current IT system which will be discussed later. 
The new simulation model was prepared and the brief result on the sub-process is 
illustrated in Figure 5-13. The complete result of sub-process, activities, and every 
task involved are presented at appendix V. 
The result of the simulation for the new model seems to be very satisfactory. The lead 
time for an average order of hoist based on as-is model was 20.02 working days, 
while for the new model the lead time is 12.44 working days. This shows a decrease 
of about 38% in lead time which is very impressive. The other areas of comparison, 
cost and number of staff required, do not show any change due to problems existing 
in creating a model in TOP-IX and the way those problems were compensated. As 
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mentioned in section 5.3.1.1, it was not possible to put delays in the model. As a 
result I have defined a task as "Delay" and used staff with no direct and overhead cost 
assigned to it. Now if an overhead cost is assigned for "Delay", a reduction of 50% 
would be significant through this element. 
"New" Model for the Manual Environment 
Total SM's (Including Allowances) 5226.41 
Total Time in Days 12.44 
Total Actual Cost/Unit £ 390.27 
Staff Required for TWW @ Department Performance 194.00 
Staff calculated for Delay Time 126.81 
Total Staff Required for Actual Work 67.19 
Figure 5-13. The result of TOP-IX on the "New" model of COP. 
5.4 Results 
The overall results of this case study were satisfactory. Figure 5-14 shows the brief 
final results for the Hoist Division of Morris under the current TT-based environment. 
The "As-is" model and new "To-be" model along with their comparison in three 
fields of lead time, total average cost per unit, and actual staff required for a working 
weeks are listed here. Figure 5-15 shows also the brief final results of the same firm 
but in the Manual environment, before implementation of the current IT system 
(TRITON 2.0). 
For the "As-is" model, in both cases, the results were checked back with the firm and 
figures in the real life situation (for the TT-based case lead time of 19-20 days for an 
average hoist, cost of £ 320-330 not including the cost of material used, and 55-60 
people currently employed in this division; and for the manual case the lead time was 
about the same, cost were a little bit higher about £ 390-400, and the number of staff 
about the same). 
As for the first part of the case study, it was a good test for the TOP-IX package 
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which was used for the first time in a manufacturing environment. A few problems 
were encountered and reported to the developer of the package, but overall it was 
quite a powerful package for reengineering. It can also be of great value when the 
third module, Topman, is used in resource allocation during and after implementation 
of the new model. 
"AS-IS" IT-BASED 
MODEL 
`9'O-BE" IT-BASED 
MODEL 
REDUC 
TION 
TOTAL SM's 8089.47 4908.29 - 
TIME IN DAYS 19.26 11.69 - 
TIME COMPARISON - 7.57/39% 
TOTAL COST/UNIT £ 330.67 £ 330.67 - 
COST COMPARISON - - 0 
TOTAL STAFF 311.80 182.60 - 
DELAY STAFF 255.95 126.81 
ACTUAL WORK'S STAFF 55.85 55.79 - 
STAFF COMPARISON - - 0 
Figure 5-14. Results of "As-is" and "To-be" models in the IT-based environment. 
"AS-IS" MANUAL 
MODEL 
"TO-BE" MANUAL 
MODEL 
REDUCT 
ION 
TOTAL SM's 8407.58 5226.41 _ 
TIME IN DAYS 20.02 12.44 - 
TIME COMPARISON - - 7.58/38% 
TOTAL COSTIUNIT £ 390.27 £ 390.27 
COST COMPARISON - - 0 
TOTAL STAFF 323.10 194.00 - 
DELAY STAFF 255.95 126.81 - 
ACTUAL WORK'S STAFF 67.15 67.19 - 
STAFF COMPARISON 0 
Figure 5-15. Results of "As-is" and "To-be" models in the Manual environment. 
The next hypothesis of this project was the evaluation of the methodology detailed in 
chapter 3. In this case study new models, for the two environments of IT-based and 
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manual, based on the methodology were prepared and simulated with TOP-IX. The 
results are shown in Figures 5-14 and 5-15. 
Out of the three domains of evaluation (lead-time, cost and number of staff), only the 
lead time could demonstrate the radical change offered through reengineering, the 
other two fields of the cost and the number of actual staff did not demonstrate any 
change. The reason was the problem with the TOP-IX modelling business process in 
a manufacturing environment as explained earlier in section 5.3.1.1. It was a lack of 
capability to model "Delays" in the process which was overcome by defining "a task 
named "Delay". This new task was assigned with staff named "X" in the TOP-IX, 
and since nobody actually performed anything the direct cost and overhead cost was 
set to zero. The problem of the effect on the total lead time was overcome and the 
reduction of 38-39% in lead times were achieved in both cases. 
On the other hand, since no overhead cost was associated with the "Delay" tasks, no 
actual cost was calculated by the package for all delay times, and eventually no 
comparison in the performance domain of cost between the "As-is" and the "To-be" 
models was possible. But still there was a chance to compare the number of "Delay 
staff' which is a reduction of 129.14 or about 50%. If any value could be assigned as 
overhead cost for delay time, then there would certainly be a reduction of 50% in cost 
due to reduction of delay time for every average hoist, not including the material cost. 
As for the number of staff, since there were not any changes in the task description 
and/or task performance, there would not be any change in the number of staff 
required to do the actual job. Although it is predicted that, if the Hoist division of 
Morris would decide to go for the reengineering of its "COP" sub process, then there 
would be more technical people involved in the reengineering team and there would 
certainly be a good opportunity to change the design of each task or the way they are 
now performed. 
To demonstrate the real impact of reengineering on this case study another 
comparison between the "As-is" model of the manual environment and the "To-be" 
model of IT-based environment is shown in Figure 5-16. 
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"AS-IS" MANUAL 
MODEL 
"TO-BE" IT-BASED 
MODEL 
REDUCTI 
ON 
TOTAL SM's 8407.58 4908.29 - 
TIME IN DAYS 20.02 11.69 - 
TIME COMPARISON - - 8.33/42% 
TOTAL COSTIUNIT £ 390.27 £ 330.67 - 
COST COMPARISON - - E59.6/15% 
TOTAL STAFF 323.10 182.60 - 
DELAY STAFF 255.95 126.81 - 
DELAY COMPARISON - - 129.04/50% 
ACTUAL WORK'S STAFF 67.15 55.79 
STAFF COMPARISON - - 11.36/17% 
Figure 5-16. Results and Comparison between "As-is" manual and "To-be" IT-based 
models. 
Assuming the current IT system used in the firm is the best possible choice on the 
market. The result is very satisfactory, it shows a reduction of 42% in lead time, 15% 
reduction in cost (not considering the 50% reduction in overhead cost for delay 
time), and 17% reduction in the number of staff. So if there was not any IT system 
implemented in this case, and after BPR the current IT system would have been 
introduced this results would have been achieved. This reductions represent a radical 
change in lead time, cost, and number of staff for the COP sub process in the Hoist 
Division of Morris. This shows a significant success for BPR. 
Finally the last hypothesis to be tested here is the effect of IT system on 
reengineering. In Figure 5-17, a comparison was prepared between the manual "As- 
is" model where no IT system is used, and IT-based "As-is" model where the current 
IT system (TRITON 2.0) is used. As the result shows, there is not much reduction on 
the lead time, but there is 15% reduction in cost (no cost reduction here due to delay 
time because there is no change in delay staff) not including the material cost, and 
17% reduction in number staff required. 
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"AS-IS" MANUAL 
MODEL 
"AS-IS" IT-BASED 
MODEL 
REDUCT 
ION 
TOTAL SM's 8407.58 8089.47 - 
TIME IN DAYS 20.02 19.26 - 
TIME COMPARISON - - 0.76/0.04% 
TOTAL COSTIUNIT £ 390.27 £ 330.67 - 
COST COMPARISON - £59.6 / 15% 
TOTAL STAFF 323.10 311.80 - 
DELAY STAFF 255.95 255.95 
ACTUAL WORK'S STAFF 67.15 55.85 - 
STAFF COMPARISON - - 11.3/17% 
Figure 5-17 Results and comparison between "As-is" manual and IT-based models. 
To further back this deduction, the comparison of results between the "New" manual 
and the "To-be" 1T-based models were prepared and are shown in figure 5-18. Here 
again there is no sign of much reduction in lead times, but there is a 15% reduction in 
cost (no cost reduction here due to delay time), and 17% reduction in number staff 
required. 
"TO-BE" 
MANUAL MODEL 
"TO-BE" IT- 
BASED MODEL 
REDUCT 
ION 
TOTAL S: VI's 5226.41 4908.29 - 
TIME IN DAYS 12.44 11.69 _ 
TIME COMPARISON - - 0.75/0.06% 
TOTAL COST/UNIT £ 390.27 £ 330.67 
COST COMPARISON - £59.6 / 15% 
TOTAL STAFF 194.00 182.60 _ 
DELAY STAFF 126.81 126.81 _ 
ACTUAL WORK'S STAFF 67.19 55.79 - 
STAFF COMPARISON - - 11.4/17% 
Figure 5-18. Results and comparison between "New" manual and IT-based models. 
For the sake of this case study, since the IT system has been purchased and 
implemented prior to reengineering, it is assumed to be a good and the only choice of 
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IT system for the amount of reduction simulation predict. For the new cases of 
reengineering which would lead to the selection of a proper IT system, this type of 
modelling and comparison could help the financial justification. 
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5.5 Summary 
This chapter covers the first case study carried out in the Hoist Division of Morris. It 
is conducted to demonstrate the application of the proposed methodology for 
reengineering. It was also used to evaluate the effect of Business Process 
Reengineering (BPR) on make-to-stock type of organisation, and the impact of 
Information Technology (IT) on BPR. 
In order to evaluate the impact of IT on BPR, two different environments of "IT- 
Based" and "Manual" are considered to perform the reengineering. All stages of 
methodology are performed exclusively for both environments. 
This chapter includes several sections starting with case design, where the overall 
planning of the case study is described from data collection to modelling and 
redesign of the business process under study. Later, some background about the 
organisation is laid out to describe how the business process of Customer Order 
Processing (COP) is performed at this, firm. 
Then, the case study is executed for both the "IT-Based" and "Manual" 
environments through several stages of the proposed methodology. At the first stage 
the "As-is" situation of the firm around the COP is modelled. Then using the 
different steps in the redesign stage of the methodology, a new "To-be" model for the 
COP is proposed. Finally the results of the two simulation models constructed are 
compared and analysed. 
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6. Case study II - Engineered Product Division 
This chapter describes the case study carried out in the Engineered Product Division 
(EPD) of Morris. It was conducted to demonstrate the application of the proposed 
methodology for reengineering (first and second aims), and the effect BPR could have 
on engineer-to-order types of organisation (first hypotheses). 
A good case study was built around this firm. On the second stage of the 
methodology, quite some time was spent to study the existing business processes of 
the firm, and organise all the information required to create the "As-is" model for the 
Customer Order Processing of EPD. There were some problems with the TOP-IX 
software which caused some problems in making a comprehensive new "To-be" 
model for the case study, but the information gathered was analysed and the results of 
this case study were very useful in evaluating of aims and hypothesis of this project. 
6.1 Case design 
The case design follows the proposed methodology described earlier in chapter 3, 
although certain modifications have been made. Since this study was a research 
project, the `Preparation' and `Implementation' stages have been reduced. It 
concentrated on the remaining stages of `Modelling' and `Redesign' through the 
previously set steps, and using tools and techniques which were defined earlier. 
To build the case study, the data was obtained through three primary methods of; 
review of documents, interview with selected company personnel, and the use of a 
questionnaire. The review of procedures, although very old and not very well 
documented, provided an overall feeling about the business processes and methods 
used in the business. The interviews further contributed towards how these business 
processes operate. It was not possible to interview a large number of people directly 
involved with the activities, because it took too much of their time and managers 
were not happy with interviewing exclusively all the staff involved. As a result, a few 
key employees were chosen, and the interviews were performed well after 
questionnaires were completed and the results were analysed. The third method of 
data gathering was the use of questionnaires. A questionnaire was carefully designed 
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and distributed to all appropriate people. It was considered to be the most feasible 
way to contact a large number of personnel about various aspects of the business 
processes. 
6.2 Organisational background 
The organisation under study was the engineered products division (EPD) of Morris 
Cranes, a business unit in Morris Mechanical Handling Limited It is an engineer-to- 
order type of organisation which designs and produces rail mounted gantry cranes, 
rubber tyred gantry cranes, ship to shore gantry cranes, and automation systems for 
container terminals. EPD operates through tendering, and after acceptance of the 
tender by the customer, making the contract to produce a large crane system. The 
contract starts with designing from scratch, only rarely performing some 
modifications to previous designs, manufacturing and finally installation of the crane 
on the site. The Customer Order Processing (COP) in this case include tender and 
contract of a crane which normally takes a long time around 12 to 16 months. COP 
covers the four cycles of book/bill, design/develop, spec/resource, and 
purchase/produce which were introduced in section 2.2.3. It was also discussed earlier 
in section 2.4.3, that in an engineer-to-order type of organisation amongst the four 
mentioned cycles the design/develop cycle is more developed. 
6.3 Case execution 
As mentioned earlier in this chapter due to the nature of this study, the first stage of 
methodology, which is the Preparation stage, has reduced. The steps performed in this 
stage include, formation of reengineering team and identifying reengineering 
opportunities. The reengineering team was formed and included myself and the 
supervisor of this study. On some other occasions a few other people from the firm 
were invited to share information and experience of their areas of work. As for the 
selection of a business process to be reengineered, first the team studied the whole 
firm and based on the importance of "Customer Order Processing" (COP) it decided 
to choose it for reengineering. In addition to the importance of COP and its effect on 
the image of the firm in today's competitive market, it was chosen to provide an 
equal opportunity to evaluate the methodology and the effect BPR has in different 
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type of organisation. 
The next two stages, Modelling and Redesign, have been followed in great detail in 
the next two sections of 6.3.1 and 6.3.2. 
6.3.1 Modelling 
The second stage of the methodology was "Modelling". This division of Morris has 
been working for a long time, and has designed and manufactured many large scale 
cranes, generating a significant international reputation in the market. On the other 
hand the long history of being in business would create a situation where every task 
and activity does not follow precisely the procedures established in the 
documentation. This requires other sources to be identified for gathering the required 
information. As the first step in the stage of modelling, documenting the existing 
process, the three methods of; review of document, questionnaire, and interview for 
data gathering, were considered. First of all the EPD documents on COP and its 
related activities were studied to create a feeling of how they work. They were helpful 
in preparation for the next method of data gathering, which was designing a 
questionnaire and sending it out to the appropriate person. 
EPD consists of several functional departments and some working teams called 
"Project" or "Green" teams. These teams have been introduced during a process of 
re-organisation in late 1992. They were formed by combining activities such as tender 
design, production design, analysis and contract departments to form a number of 
teams each one responsible for the management of incoming tenders and contract 
design and implementation. There is also a green area meeting place located at each 
team for daily meetings and displays, where everybody is informed about the progress 
made and any problems encountered by the individual in the team and the plan for 
further work . 
Six active departments and green teams were identified in the primary study of the 
documentation, namely; Purchasing, Sales, Morris money matters, `A' team, Flexible 
team, and Midas touch. It was decided, by the reengineering team, to prepare a 
questionnaire and send it out to key individuals in these six groups to gather the 
required information for modelling the "As-is" situation of the division. The 
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questionnaire prepared is shown at appendix VL The questionnaire was designed to 
identify the procedures used to perform each of the tasks by every individual, the 
information they need to do the job, the information they generate and pass on to 
others, and the paperwork handled on a day to day basis. 
Over thirty key individuals were identified in the six groups and the questionnaire 
forms were sent to them. Thirty individuals completed and returned the forms. The 
forms were categorised by the six teams and results were put in the form of tasks with 
inputs and outputs to the tasks clearly identified. Figure 6-1 illustrates the result of the 
questionnaire. 
With the analysis of results of the questionnaire, different activities in the COP were 
identified. Then, the input/output analysis was used as a tool to map the information 
flow for the entire process and to find the interdepartmental cross-overs. At this point 
and as the third method for data gathering, amongst the thirty responses a few 
individuals were selected to be interviewed. The interviews were set to fill the 
missing gap between the activities and tasks specially when the information crosses 
the department boundaries. The input/output analysis of all tasks performed in the 
COP were prepared, right after the completion of the interviews. The tasks related 
directly to the design teams, where a contract spends most of its lead time, are 
presented at appendix VII. 
Another useful tool which was used here was the flow chart analysis. The flow chart 
for the COP, which covers both tender and contract of a crane, considering the 
departmental boundaries were built and are presented in appendix VIII. These two 
flow charts would clearly show the information flow for any orders over EPD. Since 
the activities and tasks were divided by functional departments, the flow charts are 
also capable of showing the concentration of tasks in every department. The tendering 
flow chart is mainly composed of "Liaison" between different parties in different 
departments, while the contract flow chart concentrates on the physical calculation 
and designing in the design team. 
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Figure 6-1. The results of questionnaire sent out at EPD. 
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Figure 6-1. Continued. 
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Figure 6-1. Continued. 
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Figure 6-1. Continued. 
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Figure 6-1. Continued. 
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6.3.2 Redesign 
As for the last stage in the methodology followed here, the redesign stage is 
considered to be one of the most productive stages of all in any reengineering project, 
where all the efforts made would result in a good design. In order to ease the existing 
difficulties of redesigning the whole process, it is tried here to flow exactly all the 
steps considered in the proposed methodology for this stage. 
Through some consultations made in reengineering team with selected individuals of 
the firm, the customer requirements and their impact on the activities and subsequent 
tasks have been identified. This was a good step in recognising the VA and NVA 
tasks which would result in waste elimination. Then through the same sessions of 
consultation the runner, repeater, and stranger tasks have been identified. Finally, 
having the results of input/output analysis from previous stage, the BPR Processing 
Chart has been prepared. This chart has been illustrated in figure 6-2. 
The category of each task is shown in the first column with "R", "Rp", or "S" 
standing for runner, repeater, and stranger which have been defined earlier in section 
3.1.3.2. The next column is the type of task which can be "M", "O", or "r' standing 
for manual, organic, and information type of task. The rest of the chart include the 
tasks and the functional departments that are performed which is designated with an 
"A" standing for action for every task. Each task would also have one or more inputs 
and outputs which are designated in the chart with "I" and "0". In this case study the 
IT system (TRITON) has been used and all the information has been transferred 
through the system. 
As for the next step, based on the concept of natural grouping and the information 
prepared earlier through the previous steps, several new models were designed and 
simulated. For evaluation of the new models the "As-is" situation of the COP and 
how the orders cross the departmental boundaries, the information flow for this 
business process is illustrated in figure 6-3. Among all the new models, the best one 
based on the flow of information through the new grouping was chosen. The 
proposed new model is presented in figure 6-4. 
Chapter 6 
ft 
- O a - "-" 
ý ^ ^ ^ 
ä ö 
p, + - - F+ ºr ^ - ý - ^ 
u 
"ý c º- -- - ^ ä a ä - .. - 
Lc 
"- ^ - - ý "-' - ý-~ a 
ä `- 
ý 
o o o c ., - - .. :° - - a a a a 
ao 
" ° - - 0 a ä ý ^ - a a 
1 
ä " ä ä ^ ä -- ä ^ ^ ,. ä 
1 
l I 
0 
ü 
G=, 
:. 
`l ý p º. N 
V 
^ 
C y C uý ö c y t 
c v Co - ` N u 
ü 
C c 
u 
t.. L ü 
v. :3 
' 
= V 
N 
s 
E 
,= 
u c ý u ý e fA 5 
c 
" 
° 3 c o 
ý? - ` c u E Er c a i ý 
`r 
. 
ý 
E 
'- 
C ý. 
s 'ýn ý E " ý ü ' ä C c O 
E r, c ^ c c L c "r. > 
_ 
C u p a ý i . ý _ X 
ý , 
' ý 
ý y v v C J L .. C º- 
ý ý v 7 " 'º7ý 
` . _ ý ý u ' vr H 
ý 
C 
u 
'^J j t,.., C _ ý ºt!. 
E 
- U 
y 
_ ý' " 
u v 6+ 
ý9 
U J " y c9 
ý Cý ^ 
J '! y CJ N u 
W 
O 
;A -A n 
v %A `. C 
'ý ß_ L- 
E "aJ. Z 'ý ý. 
u v - ý a " cs a c .. ý ý.. ý a e9 a u a y n u E L 
ß, 
Ü 
C: 
Ä 
U 
e a 
t 
f5 
ý 
Z. 
v 
= 
ý 
a a` 
O 
ý 
cn 
n 
C 0 Z a 
v 
vý . 
v. 
a 
rV. 
a 
ý 
ý. 
C 
ý a 
"a'ý. 
a 
ý 
a 
, 
Y Ü 
O 0 
Ha 
cY, x x x W. W. x x x x x x x x x x x x x x x x O: x ý u 
-146- 
Ch43pter 6 
c. 
ö 
- - ä 
c 0 0 0 0 - 0 0 0 0 u 
u 
ýö 
.. ý ýw a 
&. 1 c ý .. .. z 
..... 
CID ~ . º. + r. ý ý. n 0 0 r ý.. 
_ a " 0 0 0 
0 
v 
c 
E 
ý 
u v ü ý 
ö > :, 
ý 
G " 
p 
ti 
ü 
: 
.. u 
ý 
u 
ý 
o 
c 
ý E 
ý E 
.= c ü ° °- 
C ° ý u C u "ý o ü 
ý '.. 0 ü ny 
ý 
C E 
c 
` 
o 
ý 
ý u s E N 
ý ; p 
: 
 _ 
ý 
% ) = u , 
u 
o C 
C - * U 0 
C ü 
O 
v 
o 
y 
" 
£ 
C 
c c 
ü 
s 
ü 
c 
C 
E u ß 
a a c[ c V") ciý vi ° ü cý 
ýp 2 i 2 2 i 
Ha 
a x a ý a cd cd cn cn pc cd 
-147- 
Chapter 6 
-148- 
Chapter 6 
Chapter 6 
Finally the last step in the redesign stage of the proposed methodology was the 
creation of a simulation model of the `To-be" situation. The information gathered 
through the last steps, BPR processing chart and natural groupings, was then 
transferred to the Topflow module of TOP-IX. The complete information flow and 
required activities of the new `To-be" model for the COP at EPD, regardless of 
department boundaries is illustrated in figure 6-5. 
PROCESSING CONTRACT 'EPD' 
Initialize 
contract 
< 1.0000 > 
; Follow tender. 
activities 
1.0000 > 
B, 
: Follow design: 
activities 
< 1.0000 > 
Follow 
purchasing 
activities 
< 1.0000 >D: 
i 
. Evaluate the 
contract 
< 1.0000 >C 
F: 
** SUB-PROCESS ** 
I 
Follow 
: manufacturing: 
activities 
< 1.0000 >E 
ý 
Figure 6-5. Flow chart for COP subprocess of EPD. 
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Initialize contract 
L-7 
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< 1.0000 >I 
Cali customer for 
tender" 
< 1.0000 > 
N7 
'Appoint tender engineer, 
< 1.0000 > 
i 
ý 
Discuss tender design' 
with tender engineer' 
< 1.0000 > 
I 
ý 
( 
ý 
Discuss tender design 
with customer 
< 1.0000 > 
Figure 6-5. Continued. 
** ACTIVITY ** A 
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FOLLOW TENDER ACTIVITIES 
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Figure 6-5. Continued. 
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FOLLOW DESIGN ACTIVITIES 
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Figure 6-5. Continued. 
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FOLLOW PURCHASING ACTIVITIES 
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Figure 6-5. Continued. 
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EVALUATE THE CONTRACT 
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paid? 
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Figure 6-5. Continued. 
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The information flow of the COP in the "As-is" and the new "To-be" models, which 
are illustrated in figures 6-3 and 6-4, show that every order in the EPD spends 
significant amount of time in the design department. The "As-is" model shows the 
order mainly in design department, but it goes to other adjacent functional 
departments and comes back to the design area again. The `To-be" model shows the 
order goes in a lesser groupings, but it is still mainly in the design area. On the other 
hand, the "To-be" model created through the Topflow module of TOP-IX, which is 
illustrated in figure 6-5, also demonstrates that every order depends on the activities 
and tasks performed in the design group. When this situation was discussed in the 
reengineering team, it was decided not to continue with the Topgen module of TOP- 
IX for further estimating the cost and the lead time. It was believed that due to the 
type of activities involved in EPD, the cost and the lead time of any order would not 
change greatly and it is not feasible to put anymore time on this issue. Consequently 
no quantitative results were prepared in this case study. 
6.4 Results 
The hypotheses which was put to the test in this case study, was the effect BPR has 
on engineer-to-order type of organisation (first hypotheses). Although it can also be 
used to study the validity of the proposed methodology and any possible refinements 
again (first and second aims). 
As for the methodology, the steps designed for the two stages of modelling and 
redesign were quite helpful in bringing together all the required information in a 
systematic way. In the redesign stage, the BPR processing chart was a useful tool to 
bring a large amount of information into one single chart for analysis. Other useful 
tools which were offered were input/output analysis and flow charting. With the help 
of these tools two complete flow charts representing the information flow of the "As- 
is" situation in two part (tendering and contract) for COP crossing departmental 
boundaries were prepared. They show where the concentration of tasks exists and 
how the flow of information is scattered throughout the firm. 
Although in this case study, it was not possible to obtain quantitative results for the 
"as-is" and the new 'To-be" models to compare them against each other to explore 
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the reengineering opportunities, there are some good results out of this case. The 
tendering flow chart shows several liaisons between customer and the fine and even 
inside the firm between different departments. Sometime they occur more than once. 
When consulting with different individuals at the firm, it was concluded that these 
liaisons can be neither eliminated nor mixed to change the overall design of 
tendering. 
On the other hand, the contract flow chart shows the concentration of tasks in the 
design team. When further consulted with individuals in the design team, it was 
noticed that most of the time spent on every contract is within this department. They 
have also tried to minimise the time, but the nature of this type of order requires 
performing the design activities all over again for every contract. The only possible 
way to minimise the lead time is to modularise the design of different parts of the 
cranes. In this situation for every new contract there would be only a few minor 
alterations to the design, and different design criteria would be achieved much faster. 
This is a technique they are working on now. 
It is believed that if the simulation of the "As-is" and "To-be" models would have 
been done comprehensively, there would have been a minor reduction in the total lead 
time for any contract in the range of 5-10% which is not considered radical 
reengineering. 
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6.5 Summary 
This chapter covers the second case study carried out in the Engineered Product 
Division of Morris. It is conducted to demonstrate the application of the proposed 
methodology for reengineering. It will also evaluate the effect of Business Process 
Reengineering (BPR) on the engineer-to-order type of organisation. 
This chapter includes several sections starting with case design, where the overall 
planning of the case study is described from data gathering to modelling and 
redesign of the business process under study. Later, some background about the 
organisation is laid out to describe how the business process of Customer Order 
Processing (COP) is performed at this firm. 
Finally the case study is executed through several stages of the proposed 
methodology. At the first stage the "As-is" situation of the firm around the COP is 
modelled. Then using the different steps in the redesign stage of the methodology, a 
new "To-be" model for the COP is proposed and the results are analysed. 
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7. Discussion, Conclusion, and Future Work 
The purpose of this chapter is to briefly summarise the results of the previous two 
chapters, before moving on to discuss the implications of this work and draw some 
conclusions from it. Then, the limitations of this research will be discussed and there 
will be some suggestions for future research. 
7.1 Discussion 
The results derived from the two case studies and the related discussion can be 
categorised into four divisions based on the aims and hypotheses defined earlier in 
chapter two section 2.7. To mention them briefly they are: 
Aims 
"A well-structured methodology for BPR, to cover for all deficiencies noticed in the 
methodologies reviewed, will be proposed. 
" By means of two case studies the proposed methodology will be tested and refined. 
Hypotheses 
" There is a significant opportunity in the make-to-stock and make/assemble-to- 
order types of organisation for reengineering, while it has a lesser effect in the 
engineer-to-order type of organisations. 
" IT is an enabler and integral part of reengineering, and it has good impact on the 
BPR project. 
" Modern simulation techniques can be merged into the BPR methodology to 
increase its capability to improve business performance. 
7.1.1 Proposed methodology 
In order to achieve the first and second aims of this research, namely to propose a 
new methodology and test it through industrial case studies, a comprehensive review 
of some of the existing methodologies is documented in Chapter two section 2.3.7. 
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Six well documented methodologies were reviewed in terms of advantages and 
weaknesses. A methodology for BPR was constructed, including some tools and 
concepts discussed in the literature review and a few new tools were added to 
compensate for the deficiencies of the reviewed methodologies. The methodology 
arising from this research consists of four major stages and eighteen steps, and is 
illustrated in figure 7-1. 
The four major stages are similar to those discussed in section 2.3.7. However, the 
steps considered for each stage are ordered to lead the user through the reengineering 
project in a systematic manner with a full definition of all the tools required to 
complete the project. This is in contrast to the methodologies by Davenport, and 
Harrison which defines a need for some extra practical tools to complete the project. 
Or methodologies by Guha, Manganelli, and Harrington which contains too many 
steps leading to confusion in implementing the project. 
Four steps are considered for the preparation stage. The first step (step 1.1) is 
concerned with convincing the management about the project and the benefits which 
will be achieved by implementing BPR, and there are some significant cases reported 
in the literature. 
The second step (step 1.2), organising the reengineering teams, is an important step 
used to construct the organisational structure for the BPR project, to identify the role 
of every individual involved, and to define the accountability of every portion or 
member of the reengineering team. In chapter three section 3.1.1.2, the reengineering 
teams are described at each level of the organisation, their membership and 
organisation based on the size of project (involving several processes, or a big 
business). This is an important step which has also been emphasised in other 
reviewed methodologies in sections 2.3.7.3,2.3.7.4,2.3.7.6, and by Hammer in his 
book "Reengineering the Corporation" (Hammer-1993). 
The third step (step 1.3), setting performance goals, is based on the several reports 
discussed in chapter three section 3.1.1.3 including the Lucas methodology described 
in section 2.3.7.1. It is believed that when you set goals high but within reach, you 
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can expect high performance achievements and you work hard to get them. 
Stage 1- Preparation 
1.1- Secure Management Commitment 
1.2- Organise Reengineering Teams 
1.3- Set Performance Goals 
1.4- Identify Reengineering Opportunities 
Stage 2- Modelling 
2.1- Document the Existing Process 
2.2- Create a Simulation Model 
Stage 3-Redesign 
3.1- Waste Elimination (QFD) 
3.2- Identify Runners/Repeaters/Strangers 
3.3- Input/Output Analysis 
3.4- BPR Processing Chart 
3.5- Selecting IT Levers 
3.6- Natural Grouping 
3.7- Design & Simulate New Model 
Stage 4-Implementation 
4.1- Construct System 
4.2- Train Staff 
4.3- Pilot New Process 
4.4- Refine & Transition 
4.5- Continuous Improvement 
New features of the methodology 
which enhances the earlier methodoloies 
discussed in literature survey are: 
1- Application of QFD in waste identification 
2- Designing BPR processing chart 
3- Incorporation of simulation technique 
Figure 7-1. Stages and steps of the proposed methodology. 
The fourth step (step 1.4), identifying the reengineering opportunities, is very 
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important. If a critical business process is not selected especially for the rust 
implementation of BPR, then the performance increase result will not be very 
significant and it will produce a negative impression of BPR in the company. Two 
approaches of "high impact" and "exhaustive" by Davenport, and "targeted" and 
"comprehensive" by Guha are discussed in section 2.3.7.2, and 2.3.7.4. By 
introducing the "Analytical Hierarchy Process" (AHP) in chapter three section 3.1.1.4 
the approaches defined by Davenport can be further enhanced to increase their 
effectiveness. This tool will give the user the capability to evaluate all business 
processes and select the best one for reengineering. In the two case studies performed 
in this research the high impact or targeted approach was selected. This approach 
would not change the outcome of this research, because the selection of business 
process will be based on the experience of the reengineering team and the outcome of 
literature survey. Among all business processes existing in the company under study, 
the Customer Order Process (COP) was selected for reengineering based on the 
discussion in section 2.2.3 and other reports of its effectiveness. 
The stage of modelling in the proposed methodology consists of two main steps. The 
first step (step 2.1) is documenting the existing process. This is an essential step 
which provides the required information and is an important part of all the 
methodologies reviewed. There are several well known tools used in Guha's 
methodology and these are used here for example; brainstorming, input/output 
analysis, and flowchart analysis which are of great value to the user. 
The second step (step 2.2), building a simulation model, is a new step put forward in 
the proposed methodology. In none of the reviewed methodologies is there an 
indication of the usage of a simulation tool. The output of this step, creation of the 
"As-is" model, is of considerable importance in this study, because it was used for the 
evaluation of the simulation tool, which is defined later in this chapter section 7.1.4. 
The result of this step will also be helpful as a benchmark for the new "To-be" 
models which will be discussed later. 
The most important stage in almost every methodology is the redesign stage (stage 3). 
In this research the author has put some emphasis on this stage and the author has 
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tried to combine some concepts and tools reviewed earlier and contained in the earlier 
methodologies, and introduced a few more tools to ease the difficulties encountered 
in this stage. 
As the first step (step 3.1) in the redesign stage, waste elimination is considered to be 
a crucial factor, and it has been included in most of the methodologies reviewed 
earlier in sections 2.3.7,2.3.7.1,2.3.7.4,2.3.7.5, and 2.3.7.6. The main objective of 
this step is to identify the Value-Adding (VA) and Non-Value-Adding (NVA) 
activities and work on the elimination and/or reduction of NVA activities. Although 
the concept of waste elimination has been presented in the earlier methodologies, no 
single clear tool was presented to help the user to differentiate between VA and NVA 
activities and to prioritise them in respect to customer demands. 
For the first time, the Quality Function Deployment (QFD) matrix was introduced in 
this new methodology. The full discussion of QFD is documented in section 3.1.3.1, 
and a sample matrix designed for this study is illustrated in figure 7-2. It is a single 
sheet matrix which carries a lot of information about the activities involved in the 
business process, their relationships to the customer needs and their priorities, and the 
relationships between the activities themselves and their priorities. It is an essential 
tool for waste identification and elimination. 
Customer 
needs & 
benefits 
Customer 
needs 
priorities ýi 
IiI-I- L- 
Activities of a bUsilICSS ProCeSS 
RelationNhip matrix 
III 
Ci 
Figure 7-2. A sample QFD matrix. 
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Step 3.2 is concerned with categorising activities based on their occurrence. This 
concept was introduced by Lucas in their methodologies in section 2.3.7.1 and further 
discussed in sectioned 3.1.3.2. The activities are divided into three categories known 
as "Runner", "Repeater", and "Stranger". This categorisation will help the user to 
design the new model of business process around the runners, which is the main 
stream of regular activities in the process. The repeaters would be seen as the 
secondary activities which occur regularly but more occasionally. These secondary 
activities of different business processes may form another group that is however very 
close to the main group of runners. In the first case study a main group of "Customer 
Order Processing" along with a secondary group of "Procurement" was formed. The 
secondary group here would be part of another business process which purchases and 
produces the product based on forecasting. Since the stranger activities occur very 
rarely and very irregularly, they are treated as special cases. They are often kept in the 
existing Natural Group cell to utilise the capacity and skill of the group, and enabling 
some balancing of load to take place equalising work throughout the group. 
The next step (step 3.3) in the redesign is the input/output analysis. It is an established 
tool used in several methodologies discussed in section 2.3.7, and is an essential part 
of the redesign stage. It creates a complete picture of all activities, where they are 
performed, what are the required inputs and where they come from, and what are the 
outputs and where they go. The result of this step was very helpful, as expected, in 
designing the new model for the business. 
As for the fourth step (step 3.4) in the redesign stage, an important tool which was 
developed specifically for this methodology, the "BPR Processing Chart", is 
discussed in section 3.1.3.5, a sample chart is illustrated in figure 7-3. This chart 
provides a useful mean for analysing the "As-is" process identifying, domains for 
improvement, and for direct comparison with the "To-be" system, 
All the tasks involved in the business process, after performing the waste elimination 
step (step 3.1), are sequentially listed in the chart. The result of second step (step 3.2), 
identifying the Runner, Repeater, and Stranger activities based on their occurrences, 
is also listed on the chart. The result of the third step (step 3.3), Input/Output analysis, 
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for every activities is also listed on the chart. 
Extra information about the activities concerns the type of activities. Type of activity 
refers here to whether the activity is of an "Informative" type, which is transferring 
some information from one activity to another, then it is designated by `T'. If a 
"Manual" action is performed, which changes the nature of the input materials to a 
new added value form of output for the next activity, it is designated by "M". An 
activity can also be "Organic" type, which is basically some decision making activity 
or negotiating between two parties, and is designated by "0". More discussion of the 
activity type is in chapter three section 3.1.3.5. 
Category Type QFD Functions Dept. Dept. Dept. Dept. 
R/S/Rp UM/O Value Tasks ABCD 
Figure 7-3. A sample BPR Processing Chart. 
In both case studies this chart was a great help to the BPR analyst by providing a 
chart of all the, information gathered and processed through the previous steps in a 
single chart enabling the grouping of activities into the new "To-be" model for the 
business process. 
The fifth step (step 3.5) in the redesign stage, is the selection of the IT lever. IT has 
been discussed, earlier in section 2.5.2. It has a two fold role in BPR as 
"Implementer" and "Enabler". For its role as an implementer, it has already been 
used for mapping and modelling the business process in stage 3, the modelling stage. 
It is also an "Enabler" for BPR. This role has been mentioned in Davenport's 
methodology discussed in sections 2.3.7.2, but it has been exclusively engaged in 
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Guha's methodology discussed in section 2.3.7.4. At this step, the author noted that it 
is necessary to have an expert in the reengineering team, whom would introduce and 
justify suitable IT levers for the process under study. 
The sixth step (step 3.6) is the use of the "Natural Groups", which is a useful concept 
introduced by Lucas in their methodology and it is discussed in section 2.3.7.1. 
Following the information prepared in the BPR processing chart regarding the type 
and category of activities, it is at this step of the methodology to form activities into 
related groups. This technique will. bring together all the individuals working on the 
fragmented activities of a business process and form a team. It guides the analyst to 
form the groups around the flow of information, while previously the grouping had 
been performed around the functions and had formed the functional departments. The 
"Natural Grouping" technique is a powerful tool for developing new "To-be" models 
for organisations. In the first case study (case study I) it initiated the formation of two 
natural groups "Customer Order Processing" and "Procurement" in close proximity to 
each other. Now when an order is received, it goes directly to the COP natural group. 
Most of the order is fulfilled in this group and the customer will have the product and 
the invoice in shorter lead time. On some occasions, the order needs to deviate and go 
to the procurement group which is diverted through production and sometimes 
involves purchasing of the required parts to enable the assembly of the product. Then 
it returns to the main COP group to follow the rest of the activities in the group. 
At this point in the methodology, when the new "To-be" model for the fast case study 
was prepared, it was presented to the reengineering team at the firm. There were 
certain benefits raised which, even before performing the simulation, made everybody 
interested in following this case study. Some of these qualitative benefits are listed in 
figure 7-4. They are discussed further in the following paragraph. 
The first benefit is the more effective communications created between the activities, 
where the physical departmental barriers are overcome. There was not any need for 
paperwork or complex computers to support communication, instead people could 
easily talk across a table easily sharing ideas and thoughts. 
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-Effective communication 
-Clear process ownership 
-Clear allocation and traceability of the responsibility 
-Reduction in overhead support necessary for communication 
-Customer satisfaction 
Figure 7-4. The qualitative benefits of the new model. 
The next benefit is the process ownership. The Customer Order Processing (COP), 
which was selected to be reengineered in section 1.4, is by nature a cross-functional 
business process, and no functional manager can be accountable for the overall 
performance of the process. In the new model, one individual from the team would be 
assigned to oversee the whole COP process and the team felt as if they owned the 
process. Another benefit is the clear allocation and traceability of the responsibility 
for quality- performance. Since the information flow has been simplified and 
organised so that the flowchart is owned by the group, it is relatively easy to find the 
faults in the system and remove them. The next benefit is reduction in overhead 
support necessary for communications between functional and over the departmental 
boundaries. The natural group will certainly reduce the amount and number of times 
the information flows between departments. Even in the cases where computerised IT 
has been fully implemented throughout the business, a rational BPR exercise reduces 
the number of computer terminals. This has been shown in this case study. The last 
benefit discussed is the team focus which is directed toward achieving higher levels 
of customer satisfaction. When a clear owner and team is assigned for the process, the 
customer can reflect his requirements and needs to the team and he can follow his 
order through the entire process. 
Finally, in the last step (step 3.7) of the redesign stage, the powerful tool of 
simulation is used. This step covers the deficiency noticed in almost all the 
methodologies reviewed in chapter two section 2.7. They do not have the capability 
to predict any quantitative results for their new models, they had to be satisfied only 
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with the qualitative results. This step in the proposed methodology provides 
quantitative results for the new "To-be" model using the simulation package. There 
could be different new models offered to the reengineering team, and the simulation 
model developed to identify the best new model. It can also be used in a "What-If' 
analysis. Identifying the IT opportunities in the previous step could be tested by 
simulation package to find out how much effect each IT opportunity would have in 
the new model of the business process. 
The quantitative result of the reengineering using the simulation packäge for the first 
case study is illustrated in figure 7-5. 
"AS-IS" 
MODEL 
"NEW" 
MODEL 
REDUCTION 
TIME IN DAYS 20.02 11.69 42% 
TOTAL COSTIUNIT £ 390.27 £ 330.67 15% 
ACTUAL WORK'S STAFF 67.15 55.79 17% 
Figure 7-5. The quantitative result of BPR using the proposed new methodology. 
The results shown in figure 7-5 demonstrate that performing reengineering in the first 
case study company using the proposed methodology resulted in a 42% reduction in 
the total lead time of an average order, and reduction of 15% in unit cost of an 
average order, not including the material cost. A reduction of 17% in actual staff 
processing the order for a specific number of orders per week is also achievable. 
Although the reduction in unit cost could be higher due to inability to model the 
delays in the package. In the simulation model the author has defined a task as 
"Delay" and used staff with no direct and overhead cost assigned to it. This problem 
and how it was compensated for is explained earlier in section 5.4, and it is also 
discussed in section 7.1.2. The quantitative results, presented in figure 7-5, approves 
the qualitative benefits presented in figure 7-4 and further confirms the necessity of 
the simulation techniques used in the proposed methodology. 
One possible criticism of simulation is the length of time taken to create models. This 
is true when the software used is complicated i. e. CASE tools discussed in section 
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2.6.2. Even in the cases of complicated packages, one should justify the usage of 
simulation techniques and the time and cost involved against the possible benefits 
that can be gained. The simulation package used for this study, TOP-IX, is a 
relatively simple software tool and it does not take too much time and skill to create 
models. The discussion of the TOP-IX itself and comparison with other available 
packages is given in section 7.1.4. 
The stage 4 in the proposed methodology is the implementation of the new "To-be" 
model. During the research, none of the case studies were fully implemented, but 
based on the methodologies reviewed in chapter two section 2.3.7 the author has 
added five steps to complete this methodology based on the research of Guha and 
Manganelli. These are discussed more fully in sections 2.3.7.4 and 2.3.7.5. 
The first step (step 4.1) in the implementation stage is the construction of the system 
in a way to have a smooth transition from the old functional system to the new 
process based system. On the equipment part, sometimes the change is required to 
replace the entire facility with new hardware. On the employee part, there may be a 
necessity to hire or train staff for the new skills required. 
The next step (step 4.2) is training staff for the new skills and environment. This step 
is clearly identified by every methodology which includes an implementation stage. 
Now every individual is working in a team and may need to perform different tasks 
within the team boundary. This requires training both for the new skills and team 
working. 
The third step (step 4.3) is piloting the new process. Although the new model for the 
process has been evaluated with the simulation package, it still needs to be piloted in 
a limited business domain. This would provide an opportunity to test the new model 
in a real life situation. This step has also been considered in the Guha and Manganelli 
methodologies. 
The fourth step (step 4.4) is refining the new model and transition from old to new 
system to the complete implementation of the whole business process. This is a 
logical consequence of the previous step. There would also be some monitoring of the 
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process performance. This is mentioned in section 2.3.7.4. 
The last step (step 4.5) of this methodology is the link to continuous improvement. 
After a successful reengineering, it is essential to monitor and evaluate the process 
periodically. This would provide a chance for further improvement of the business 
process by new concepts and more powerful IT tools. This step has also been 
considered in several methodologies discussed in chapter two. 
The methodology proposed for reengineering, when evaluated as a whole body, is a 
well-structured systematic one, consisting of eighteen orderly defined steps. When the 
analyst follows the steps and uses the concepts and practical tools provided, he would 
have a sound structure for Business Process Reengineerimg. 
In the first case study (case study I) the methodology was used in two environments 
and the results proved that the new methodology could effectively answer 
deficiencies of other methodologies discussed in section 2.7. The application of 
reengineering itself would result in radical change in that specific firm selected for 
the reengineering effort. The result of BPR in the two mentioned environments are 
shown in figures 7-6 and 7-7. 
"AS-IS" IT-BASED 
MODEL 
"TO-BE" IT-BASED 
_ MODEL 
REDUCTI 
ON 
TIME IN DAYS 19.26 11.69 39% 
DELAY STAFF T 255.95 F 126.81 50% 
Figure 7-6. Result of BPR in the IT-Based environment. 
The TT-Based environment is the situation where the "As-is" and "To-be" models 
were constructed in the presence of the existing IT system at the firm, and it is fully 
covered in section 5.3.1. The Manual environment is the situation where the "As-is" 
and "ro-be" models were built with no IT present at the firm, and it is fully covered 
in section 5.3.2. 
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"AS-IS" MANUAL 
MODEL 
`TO-BE" MANUAL 
MODEL 
REDUCT 
' ION 
TIME IN DAYS 20.02 12.44 38% 
DELAY STAFF 255.95 126.81 50% 
Figure 7-7. Result of BPR in the Manual environment. 
Figures 7-6 and 7-7 show a reduction of 38% and 39% in the total lead time of an 
order and reduction of 50% in delay staff. Due to the problem encountered in 
modelling the delays into the simulation, the author defined a task called "Delay". 
The staff considered for this task are assigned with zero direct and overhead cost. 
Eventually there is a delay staff calculated in every model where no cost is attached to 
it. This delay time is considered within the total lead time but it does not represent 
any overhead cost added to the product cost due to the delay. If a cost is considered 
for delay, then a reduction of 50% in overhead due to the delay can be expected. 
These reductions are of great value for the firm to be persuaded to embark on 
reengineering. As an added advantage, these reductions would result in a significant 
financial saving for the company. 
In the second case study (case study II), the methodology was tested in an engineer- 
to-order type of organisation, totally a new environment. The effect of BPR in the 
second case study was significantly less than the other case study (case study 1). This 
was due to the nature of the company, where the products are highly customised and 
the design/manufacturing activities are in each products order lead time. This issue 
will be discussed in more details in the next section (section 7.1.2), where the effects 
of company type on BPR are discussed. 
On the other hand the methodology was tested and proved to have the required 
practical tools and concepts to perform the analysis effectively. Although the firm 
selected for the second case study was not a good choice for reengineering, the 
methodology proved to be dependable even in the cases which do not result in 
radical change. 
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7.1.2 BPR and the company type 
To prove the first hypotheses of this research project, the effect of company type on 
BPR, three categories of company were considered namely they are; Make-to-stock, 
Make/Assemble-to-order, and Engineer-to-order. The four basic cycles defined by 
Heard of Book/Bill, Design/Develop, Purchase/Produce, and Spec/Resource overlap 
to some extent in the COP process. There is a more detailed discussion in section 
2.4. The first case study (case study 1) prepared in chapter five, shows that BPR has a 
significant impact on the performance improvement of Make-to-stock and 
Make/Assemble-to-order types of company. The second case study (case study II) 
prepared in chapter six, shows BPR has a lesser impact on the Engineer-to-order type 
of company. Although these deductions are based on the study of the two specific 
companies, and can not be generalised to cover every company in these categories. 
The first case study (case study I) was performed at the Hoist Division of Morris 
Mechanical Handling which is a Make-to-stock type of organisation. In this company 
every order is fulfilled from the available stock and there is little customisation. This 
case study can also cover the Make/Assemble-to-order type of organisation, because 
the order goes through the same procedure as in the Make-to-stock type of 
organisation with the difference that the order is not met from the stock, but goes 
more often to the areas of design and production. Thus creating more opportunities 
for BPR to work on the tasks involved and could have even greater impact. 
To compare the effect of reengineering, figure 7-8 shows the flow of orders within 
the "As-is" situation, and figure 7-9 shows the flow of orders within the new `To-be" 
model proposed for the COP business process in the Hoist Division of Morris. 
Figure 7-8 shows the interdepartmental activities of the COP process and the extra 
number of boundary crossings of this business process. While in the new "To-be" 
model, shown in figure 7-9, the flow is simplified within the new "Natural 
Grouping". 
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Figure 7-8. Flow of orders in the COP business process within the 
"As-is" situation of Hoist Division of Morris. 
Figure 7-9. Flow of orders in the COP business process within the new 
"°To-be" model proposed. 
The results of simulation on the models created and their comparison for this test are 
fully presented in figures 5-9,5-10, and 5-11. A brief comparison of the results before 
and after reengineering is illustrated in figure 7-10. 
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"AS-IS" 
MANUAL 
MODEL 
"NEW" 
IT-BASED 
MODEL 
REDUCTION 
TOTAL MINUTES 8407.58 4908.29 - 
TIME IN DAYS 20.02 11.69 - 
TIME COMPARISON - - 8.33/42% 
TOTAL COST/UNIT £ 390.27 £ 330.67 
COST COMPARISON - - 1: 59.6/15% 
TOTAL STAFF 323.10 182.60 - 
DELAY STAFF 255.95 126.81 129.81/50% 
ACTUAL WORK'S STAFF 67.15 55.79 11.36/17% 
STAFF COMPARISON - - 
Figure 7-10. Comparison between "As-is" manual and "New" IT-based models. 
As shown in figure 7-10, a reduction of 42% occurs in lead times. A reduction of 
15% in cost and another 44% occurs in overhead cost of delayed staff not including 
the material cost of each order. Finally a reduction of 17% occurs in staff required to 
execute 50 orders per week. All these quantitative figures persuade any Make-to- 
stock and Make/Assemble-to-order types of company to start considering BPR. 
Although the result of this case study can not be generalised. For the companies with 
the structure and background similar to the one considered in this case study there 
exists a good opportunity. 
The second case study (case study 1I) was set at the Engineer Product Division (EPD) 
of Morris, which is an Engineer-to-order type of company and produces a single 
modular type of product. In this case the critical business processes were relatively 
easy to define and optimise. The customer demanded the relatively straight forward 
product to be produced in a minimum and reliable time estimate. The company had 
been forced by the customer to strongly focus on the Design/Develop and 
Spec/Source cycles and these were significantly streamlined. It is likely in similar 
industries where the products follow a repeating or common design/manufacturing 
process. Then there are relatively easy opportunities and great incentive to optimise 
Chapter 7 
these processes, and companies quite naturally tend to focus on these critical 
activities. It is still difficult in these cases to see what extra BPR can provide. 
However the logic may not generally be true for all engineer-to-order type of 
business. 
As has been discussed in section 6.5, the concentration of tasks is around the design 
activities. There are also several time consuming liaisons between different parties, 
which are "Organic", and there is not much chance to eliminate them. The company 
itself has been and still is working on the design area and has used different concepts 
and tools to refine the activities here. The only concept which may help them is to 
further develop "Modularisation" of the product structure. This would be very helpful 
by directing any new order to the right module, where some, general design 
information is already prepared, and with minor change the required design 
information for manufacturing the order would be ready. This concept when fully 
implemented would certainly reduce the lead time of the order in the Design/Develop 
cycle. As for the other cycles, since not much part of the order's lead time is spent 
there, the impact of BPR would be so low that it would normally perform under the 
umbrella of incremental improvement. 
7.1.3 Effect of IT on BPR 
The second hypotheses to prove is the impact IT has on reengineering. Although in 
this case the existing IT system in case study II was studied, the performance gains 
achieved are of great value. It is quite clear that if different IT systems were studied 
and a system matched to the system need and streamlined by a BPR study, then the 
improvements in performance would have been greater. 
0 
In order to evaluate the effect of IT on BPR, two environments in the first case study 
(case study I) were considered. The first environment was the current situation at the 
firm, where they have purchased and implemented an IT system. The simulation 
model prepared for this environment was called "IT-Based Model". The second 
environment was the situation at the firm prior to implementation of the IT system. At 
that time they had to physically move paper instruction and information from one 
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department to another department. Since movement of information was handled 
manually the simulation model prepared for this environment was called "Manual 
Model". In fact the author had to go through the proposed methodology two times 
and perform the steps in modelling and redesign stages for the two environments. As 
the result the "As-is" and the new "To-be" models for both environments of IT-Based 
and Manual are shown in chapter five sections 5.3.1 and 5.3.2. To evaluate the role of 
IT in BPR a comparison between these two IT-Based and Manual environment were 
prepared. The results and comparison between the "As-is" IT-based and manual 
models is presented in figure 5-12, and the results and comparison between the new 
"To-be" IT-based and manual models is presented figure 5-13. 
The brief comparison of the models made for both the "Manual" and the "IT-Based" 
environments is presented in figure 7-11. The results show that there was not much 
reduction in the lead times because of long delay times existing in the system. It 
shows a reduction of 15% in total cost per unit not including the material cost. There 
is also a reduction of 17% in staff performing 50 orders per week. 
MANUAL 
MODEL 
IT-BASED 
MODEL 
REDUCTION 
TIME IN DAYS 12.44 11.69 0.06% 
TOTAL COST/UNIT £ 390.27 £330.67 15% 
ACTUAL WORK'S STAFF 67.19 55.79 17% 
Figure 7-11. Comparison of the performance achievements between the 
Manual and IT-based models. 
Assuming the IT system implemented currently at the firm is the best choice, this case 
study demonstrates some impact due to the usage of the IT system, which is of great 
value. For any other case, a suitable IT system could be considered and evaluated. If 
the reductions, which might even be higher than this case, can justify the cost 
involved in implementing the IT system then the project can progress, otherwise 
another IT system can be considered and evaluated until an optimum one is 
determined. It should be noticed that these improvements in performance are on top 
of the performance gains achieved by BPR alone. 
Chapter 7 
7.1.4 Simulation techniques (TOP-IX) 
The third hypotheses to be tested is the effect of simulation techniques on BPR. 
Although it has not been used in the methodologies reviewed in the literature review, 
this research project shows how the simulation technique can be incorporated into the 
BPR methodology to enhance its capability and to improve business performance. 
This section covers the discussion about the simulation system selected for this study. 
The author has selected TOP-IX as it meets all the requirements mentioned for a 
simulation package as defined in section 2.6.1 by Bhaskar (process documentation, 
process redesign, performance measurements, communication, and institutional 
learning). TOP-IX has three different modules of Topflow, Topgen, and Topman. 
Topflow is a good tool for process mapping and it has been successfully used in 
mapping the existing business processes of COP in both case studies carried out in 
this project. Topgen is a tool for human resource planning and costing. It has been 
used to prepare a computer model of the "As-is" situation and analyse the model. 
Later the new "To-be" model was modelled and analysed. Topman is a tool for the 
modelling, reporting, and controlling resources with minimum manual data entry or 
manipulation. It would be of great help especially at the implementation stage of BPR 
and after implementation to manage the human resource effectively. 
In order to test the result's accuracy of the TOP-IX, two "As-is" models for two 
different environments of "Manual" and "IT-Based" were prepared of the Hoist 
Division of Morris in the first case study (case study 1). The results of the simulation 
for these "As-is" models were compared with the real life situation collected earlier 
from the firm. The comparison came out to be very close and are presented in figures 
7-12 and 7-13. 
As it is shown in figures 7-12 and 7-13 the result of the TOP-IX simulation package 
in both models came out to be very close to the real life situation at the firm. It proved 
that TOP-IX is a good package and the result of new "To-be" models and their 
subsequent analysis can be trusted. 
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"AS-IS" MANUAL 
MODEL 
REAL LIFE DATA 
FOR MANUAL 
TIME IN DAYS 20.02 19-20 
TOTAL COST/UNIT £ 390.27 £ 390-400 
ACTUAL WORK'S STAFF 67.15 55-60 
Figure 7-12. Comparison between result of TOP-IX model constructed 
for Manual environment and real life data. 
"AS-IS" IT-BASED 
MODEL 
REAL LIFE DATA 
FOR IT-BASED 
TIME IN DAYS 19.26 19-20 
TOTAL COST/UNIT £ 330.67 £ 320-330 
ACTUAL WORK'S STAFF 55.85 55-60 
Figure 7-13. Comparison between result of TOP-IX model constructed 
for IT-Based environment and real life data. 
I have also compared TOP-IX with Business Design Facility (BDF) and Enterprise 
Modelling System (EMS), the two simulation packages documented with detailed 
information in the literature reviewed. The full comparison is in section 4.2.3, but a 
brief comparison in major areas is illustrated in figure 7-14. 
It is shown in figure 7-14 that TOP-IX is compatible with the other two software 
systems in several areas. A few problems were encountered during the building of the 
models which were reported back to the company. To name a few they are; 
" software vocabulary which was not big enough, 
" lack of capability to deal with organic type of tasks, and 
" lack of ability to put delays in the model. 
These problems somehow have been compensated for in the case studies and are 
thoroughly discussed in section 5.3.1.1 
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Features BDF EMS TOP-IX 
Simulation option Y Y Y 
Modelling option Y Y Y 
Consultancy availability Y Y Y 
Process handling ability Complex Complex Complex 
Platform PC PC PC 
Operating system MS-Windows MS-Windows MS-Windows 
IDEFOIIDEFIX Y N N 
Decision support system N N N 
Easy to use Y N Y 
Data flow Y N Y 
Model flexibility High Moderate Moderate 
Level of detail Moderate Moderate Moderate 
Discrete/Continuous D D D 
Time tracking Y Y Y 
Cost tracking Y Y Y 
Statistical distributions Y Y Y 
BPR expertise N N N 
Figure 7-14. Capability comparison between TOP-IX and two other 
software, where "Y" stands for yes and availability, "N" for not available, 
"D" for discrete, and "PC" for personal computer. 
7.2 Conclusion 
This project has presented a philosophical perspective on Business Process 
Reengineering (BPR), and using a case study approach, study of the application of 
BPR in two internal business units of a large engineering firm. 
The work of this research project has involved several facets including the aims and 
hypotheses, defined in figure 7-15. 
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Aims and Hypotheses of this research project Development Discussion 
Proposing a new effective methodology for the Chapter 2, section Section 
implementation of Business Process 2.3.7 & chapter 3 7.1.1 
Reengineering (BPR). 
To test and refine the methodology by means of Chapters 5&6 Section 
two case studies taken from manufacturing (two case studies) 7.1.1 
industry. 
BPR has significant effect on Make-to-stock and Chapters 5&6 Section 
Make/Assemble-to-order types, but has lesser (two case studies) 7.1.2 
effect on Engineer-to-order type of businesses. 
Information Technology (IT) is an essential Chapter 2, section Section 
enabler and integral part of the Business Process 2.5 7.1.3 
Reengineering activity. 
Modem simulation techniques can be merged Chapter 2, section Section 
into the BPR methodology to enhance its 2.6 7.1.4 
capability to improve business performance. 
Figure 7-15. The list of Aims and Hypotheses of this research project, 
where they were developed and discussed. 
The author believes that this project was a success from a research perspective. There 
are some valuable results which will be concluded in the following paragraphs. 
Reengineering is known to be a radical redesign of the business process which can 
achieve dramatic improvements. There have been some reports of BPR successes and 
many more of its failures. As for BPR success, a reduction in lead time of up to 42% 
was obtained in the case studies (figure 7-5). The qualitative benefits of BPR are also 
very important and sometimes can not be put in quantitative data such as time and 
money. Briefly they are; effective communication, clear process ownership, clear 
allocation and traceability of the responsibility, reduction in overhead support 
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necessary for communication, and customer satisfaction. 
The BPR failure, as discussed in section 2.1, is mostly due to unclear methodology 
and underestimated time and cost involved in the project. To overcome the failures a 
well organised methodology along with some practical tools is proposed for 
reengineering (figure 7-1). The methodology consists of four major stages and 
eighteen steps. 
The first stage, the preparation for change consists of convincing the senior 
management about the value of reengineering. Appointing a leader to lead the project, 
and organising the reengineering teams to discuss any related technical issue that may 
arise is another critical step. The performance goals should be set relatively high in 
the managerial team and they should work hard to achieve them. The last step in the 
preparation stage is identifying the reengineering opportunities. At this step the author 
has incorporated the Analytical Hierarchy Process -(AHP) to evaluate all business 
processes in big companies, and to select the one with highest possible impact upon 
business performance from reengineering. In a smaller company the selection can be 
made directly by the senior manager or a team familiar with the company operations. 
The second stage in the proposed methodology is the modelling of the existing 
process. The objective of this stage is firstly to identify and clarify the overall 
problems, understand their underlying causes, and how the process should function. 
Secondly to develop a process model that reflects what is being done, who does it, 
and how information flows among the activities. In the first step of stage 2 some 
well-known tools and concepts are used to document the existing process. In the 
second step, the author introduced the simulation techniques to model the existing 
"As-is" situation. In the literature reviewed, up to date there is no documented 
methodology using simulation techniques. 
The third stage is the redesign stage, which is the heart of every reengineering project 
and has not been fully developed and documented. The author has used some existing 
tools and concepts in existing methodologies, while the author has also developed a 
new tool and used other known techniques in BPR for the first time. The first step in 
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the redesign stage, is to identify the Value-Adding (VA) and Non-Value-Adding 
(NVA) activities and try to eliminate or minimise the NVA activities. In order to have 
a good picture of the activities and how they are related to the customer requirements, 
the author has introduced the concept of Quality Function Deployment (QFD) into 
this step. The second step in the redesign is to categorise the activities based on their 
occurrences into the Runner, Repeater, and Stranger. In the third step the remaining 
activities, after waste elimination, go through input/output analysis to identify how 
information flows through the activities. In the next step Information Technology (TT) 
is explored to find a best IT system as an enabler to the remaining activities of the 
business process. In step five in the redesign stage the author introduced the BPR 
Processing Chart, which was constructed for the proposed methodology. This is a 
single chart carrying significant information about the activities, obtained in earlier 
steps, and would help the designer to work on the new "To-be" situation of the 
business process. In the next step the concept of Natural Grouping was used to bring 
together the activities based on the flow of information, and to form new types of 
group of activities in contrast to the old functional departments. As the last step in the 
redesign the author has once again introduced, for the first time, the simulation 
techniques to create computer models of the different new "To-be" models proposed 
by the designer. These models would be evaluated and the best one would be selected 
for the implementation. 
The fourth stage of the proposed methodology is the implementation of the new "To- 
be" design prepared through the redesign stage. There are some established steps 
including, the construction of the new system to try to make the transition from the 
old to new system. There is also some staff training for new skills as well as the skills 
required to work as part of a team. Before the full implementation, normally there 
will be a pilot of a smaller portion of the business process followed by monitoring 
and some probable refinements to the new design. The final step is linking the new 
system to continuous improvement programmes. 
The industrial case studies, performed for this research project, demonstrated that the 
proposed methodology was a well-disciplined and organised way of documenting, 
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analysing, and preparing new models in BPR. In both case studies the author 
followed the stages and steps of the methodology without confusion. Although some 
of the steps look very simple, in the end they add up to a single page table (BPR 
Processing Chart) carrying lots of information which is very helpful for analysis and 
redesign of the business process. 
This study shows that company type has a great effects on BPR. For the Engineer-to- 
order type of organisations it is shown in the second case study (case study II) that 
BPR had a low impact on the performance. In this type of organisation the focus of 
attention is around the tendering, design, and manufacturing process and every 
attempt by managers and engineers is aimed at the improvement of this process. 
These incremental improvements over long period of time streamline the activities, 
and do not leave any room for BPR. However the logic is not generally true for all 
Engineer-to-order business. The complete discussion on this type of organisation is in 
section 7.1.2. 
For the Make-to-stock and Make/Assemble-to-order types of organisations the impact 
of BPR is totally different. Since the Customer Order Processing (COP) business 
process, which was selected for reengineering, is fragmented in different departments 
and some repetitive activities are performed, it provides an opportunity for BPR. 
When the right methodology is chosen and properly implemented, it can result in 
significant reductions in lead time. 
The first case study (case study I) suggests a reduction of 42% in lead time, well over 
15% in unit cost, and 17% in staff would be achieved (figure 7-8). Although it is a 
selected Make-to-order type of company with a specific background, but it still can 
represent the impact BPR could offer. 
IT certainly is an essential enabler and integral part of the BPR activity. Although it is 
a powerful tool for reshaping businesses if it was used by itself. But it is not an 
essential tool in that BPR would fail if it was not used. IT can be used to automate 
business processes without considering the process view, which will make the 
process more efficient, as shown in this study 15% reduction in cost and 17% 
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reduction in staff (figure 7-9). While BPR is used to eliminate the non-value-added 
activities, streamline the activities, and break the interdepartmental barriers by 
grouping the activities in order to make the business process more effective. It is 
demonstrated in this study that a reduction of 38% was achieved in lead times which 
would eventually have considerable impact on the cost and customer satisfaction 
when an IT system is not used (figure 7-7). If the IT is used as a tool in a 
reengineering project, then the impact of BPR would be much greater. As the first 
case study demonstrated here, a reduction of 42% in lead times, well over 15% 
reduction in cost, and 17% reduction in staff (figure 7-8). 
The simulation tool TOP-IX was used successfully for the first time in the 
manufacturing environment. Despite a few problems encountered, it is a good 
package for reengineering the manufacturing industries. A few problem with the 
package are; the software vocabulary for defining the activities was not big enough, 
there was a lack of ability to deal with Organic type of tasks, and most of all a lack of 
ability to put Delays in the model. However it was promised by the developer that in 
the new version they will try to solve these problems. TOP-IX has been used in both 
fields of modelling, and evaluation of the models. The result achieved were quite 
accurate when compared with real life data (figures 7-10, and 7-11). The quantitative 
results achieved in this project are probably one of the few available in so much detail 
for a reengineering case. 
7.3 Research achievements 
To describe the achievements of this research project in a nutshell, all the aims set 
were achieved and the hypotheses were proved for the limited set of cases considered 
in the research. More detailed research would be needed with significantly more case 
studies if the hypotheses were to be thoroughly tested. Although due to some 
limitations a few questions have arisen which will be discussed as future work for this 
study. The achievements in respect to the aims and hypotheses are: 
" The first aim was to propose a new methodology for the implementation of BPR in 
manufacturing industries. In chapter two section 2.3.7 a comprehensive review of 
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the existing methodologies was performed. Six well documented methodologies 
were reviewed in more detail and their advantages and deficiencies were also 
discussed. In chapter three the new methodology was proposed that incorporates 
the good features and eliminates the disadvantages of earlier methodologies. A 
couple of known techniques namely; Quality Function Deployment, and 
simulation were used for the first time in a BPR methodology. The author has also 
constructed the BPR Processing Chart for this methodology, which carries a lot of 
information about the activities involved in the business process and helps the 
designer largely in the redesign of the process. 
" The second aim was to test and refine the proposed methodology by means of 
industrial case studies taken from the manufacturing environment. In chapter four, 
after considering several criteria for company selection, a local manufacturing firm 
has been chosen. Two case studies in different divisions of the firm were 
performed which are exclusively reported in chapters five and six. There have 
been a few refinements which was done and the final version of the methodology 
is documented here. The other refinements which were not done are to put in the 
future work section of this study. On the whole the proposed methodology was 
tested in the two case studies and came out to be very easy to follow especially in 
the redesign stage using the tools and concepts considered. 
" The first hypotheses to prove in this study was the significant impact BPR has on 
the make-to-stock and make/assemble-to-order type and lesser impact it has on 
engineer-to-order type of businesses. The first case study (case study I), which was 
covered in chapter five, was performed in a make-to-stock type of business. 
Because of the closeness that exists in the nature of the business processes in the 
make-to-order and make/assemble-to-order type of organisations, the result of the 
first case study is also expected for the make/assemble-to-order type of business. It 
was concluded that, in the business selected for the case study, a reduction of 42% 
in lead time is expected which consequently results in a significant financial 
savings for the company. However this significant performance improvement can 
not be generalised for every business of make-to-order and make/assemble-to- 
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order type. The second case study (case study II), which was covered in chapter 
six, was performed in an engineer-to-order type of business. Due to the nature of 
the company and the pressure from the customer to meet the demand, the key 
business process had been identified and lots of refinement and streamlining has 
been conducted which left no opportunity for BPR to significantly improve the 
business performance. However here again the logic is unlikely to be true for all 
engineer-to-order types of business. 
" The second hypotheses to be proved was the significance of Information 
Technology (IT) on reengineerig as an essential enabler and an integral part of the 
BPR project. In the first case study (case study 1), reengineering was performed in 
two environments of; in the presence of IT, and no IT present. The result showed 
that if the IT was used by itself, a reduction in the magnitude of 15-17% was 
achieved. When BPR was implemented with no IT present a reduction in the 
magnitude of 38% was achieved. But when IT was used as an enabler for the 
reengineering a reduction in the magnitude of over 42% was achieved. 
" The third hypotheses to prove was the effectiveness of modem simulation 
techniques in the BPR methodology and evaluation of the TOP-IX, the simulation 
package used in this study. In the first case study detailed in chapter five the 
simulation technique was primarily used for modelling the "As-is" situation, and 
evaluation of the new "To-be" models. It was also used effectively for the "What- 
if' analysis especially for the evaluation of IT systems. In chapter four some 
criteria for the selection of simulation software are defined and the TOP-IX 
simulation package was selected. It was the first time TOP-IX was used in the 
manufacturing environment and it was tested in the first case study. It was also 
compared with two other simulation packages well documented in the literature 
and came out to be very compatible with them. Despite a few minor problems 
which were compensated for and reported to the developer, the result was very 
satisfying and it was relatively easy to prepare a computer model in TOP-IX in a 
short period of time. 
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Business Process Reengineering (BPR) is a philosophy which has been growing very 
rapidly during the last five years. When the author started this research project about 
four years ago, there was no indication of this title in the literature. There were only a 
few ideas of revolutionary change in the business environment, very much like the 
one which have been accomplished in the production area under the umbrella of 
Group Technology, Manufacturing Cell, and Computer Aided Manufacturing. 
Now, after a few years, there are several books on this subject and many reports of 
implementation of BPR in manufacturing and service industries. Although there are 
some reports of failures, but the significant performance achievements persuade any 
manager to ignore the failures and start implementing BPR. One of the known 
reasons for the past failures was lack of proper and clear methodology. But now, there 
are some well documented methodologies in the literature, and the main aim of this 
study was to propose a new methodology through reviewing and refining the other 
available methodologies. 
Another leverage, in favour of the rapid interest towards BPR, is Information 
Technology (TT). The technological progress made, and the new tools available in the 
area of IT, has offered more opportunity in reengineering. IT can be used as an 
"Enabler" in the process of reengineering while analysing the activities and designing 
them in the new form. It can also be available as an "Implementer" in reengineering 
in the form of modern simulation techniques integrated in the methodology. 
I believe this inclining trend for reengineering will continue, and there will be more 
reports of successful implementation of BPR. 
7.4 Future work 
This research, like any other research, has raised many more questions than it has 
answered. The issue of BPR has been tested in two case studies and valuable results 
have been achieved. It is also possible to highlight a number of avenues available for 
future researchers. 
" One of the limitations with the case study approach research is the selected 
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industrial case by its nature. It would vary with the specific circumstances based 
on the product, regional culture, environmental boundaries, and technical 
background of staff. If any of these specifications of the case study changes, there 
might be significant change in the results. This would call for performing further 
case studies in different environments to achieve more generalised results on the 
impact of reengineering the business processes. 
" The effect of BPR has been tested on the make-to-stock and engineer-to-order 
types of organisation by the two case studies prepared in this research. The effect 
of BPR on make/assemble-to-order type of organisation has not been studied here, 
but has been predicted by the analysis of the other two cases. It is recommended to 
prepare a case study for the make/assemble-to-order type of organisation, to have 
some quantitative results for the effect of BPR on this type as well. 
" The proposed methodology can also be further developed especially in. the 
redesign stage. The Quality Function Deployment (QFD) matrix that is used to 
reflect the customer requirements and their priorities, can also prioritise the tasks 
and somehow rank the tasks. This ranking can be highlighted in the BPR 
processing chart to help the user in the analysis of the "As-is" and the design of 
"New" model. 
" Another area of future work is the study of other possible IT systems. Although 
every now and then a new tool is developed and presented to the market, this study 
only considered the available IT systems at the firm. There is a great opportunity to 
use the proposed methodology in the form of "What-if' analysis and build 
different models using alternative IT systems and evaluate them to find the best 
possible IT system for the business under study. 
" It is also possible to prepare a computer program to automate the grouping of the 
tasks listed in the BPR processing chart, and even their sequence in the group, 
based on the input/output analysis and their categories provided on the chart. This 
program would be a great step in reducing the time it takes to prepare the new 
layout especially in big business processes where a huge number of tasks are 
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involved. 
" There is another opportunity for future work to study a big manufacturing firm 
which consists of many business processes. In this case the Analytical Hierarchy 
Process (AHP) technique can be tested to evaluate and select the business process 
which has the greater impact on the business for reengineering. 
" There were some problems using the simulation package. It is a good opportunity 
to acquire either the new version of the package used, or a new package and use it 
in the other reengineering projects. 
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Appendix I 
Complete result of TOP-IX on "As-is" IT-based 
model for Hoist Division of Morris 
Appendix I 
In This appendix the complete computer printout of the TOP-IX for the model 
constructed on the "As-is" situation of the IT-based environment is documented. 
This model was prepared for the first case study performed in the Hoist Division of 
Morris. 
On the first page there is a summary analysis of the "Sales Order Processing" (SOP) 
sub process, and the results of the three domains of evaluation (lead time, cost, and 
number of staff) are highlighted by `***'. On the second page the result of simulation 
is categorised by departments. It demonstrates the time spend, cost and number of 
staff ranked by their skills in every department. 
On the third and fourth page, the analysis includes all the tasks involved in the SOP 
sub process and the time required to perform them, followed by the major activities in 
the sub process and the time for every activity to be performed. 
The rest of this appendix covers the analysis of the TOP-IX categorised by the 
activities involved in the SOP sub process. The analysis for every activity consists of 
two pages. On the first page there is the summary results of specific activity, and on 
the second page it goes further down to the tasks involved in the activity and the time 
they take to be performed. 
Appendix I 
SubProcasa Analysis 
Header 
Desc..... Processing sales order 
04/05/95 
Date Created........ 19/04/95 Last Modified....... 03/05/95 
Created By.......... AR 
Branch... N/A 
Equip.... N/A 
Output ID Unit...... 
Procedure Number.... 
Flowchart Ref....... 
Comma... 
Criticality of Cost. MED 
of Timeliness.... MED 
00 Quality...... ? ED 
Allowances 
Holiday Allowance s ..................... 
Sickness Allowance s .................... 
Training Allowance % .................... 
Support Allowance f ..................... 
Parameters- 
Quantity in TWW ......................... 
Summary 
Total SM's .............................. 
Total SM's (Incl Support) .............. 
Total SM's (Incl Allowances)........... 
Total Time in Days ...................... 
Total Standard Cost/Unit 's ............. 
Total Allowed Minutes .......... ........ 
Total Allowed Mina (Incl Support)...... 
Total Allowed Mina (Incl Allowances)... 
Total Actual Cost/Unit Os... 0 ........... 
Staff Required for TWW @ Dept Perf..... 
Staff Calculated for Delay Time......... 
Total Staff Required for Actual Work.... 
7.00 
5.00 
3.00 
2.00 
50.0 
6896.39 
7034.32 
8089.47 
19.26 *** 
186.40 
13094.09 
13355.97 
15359.37 
330.67 *** 
311.80 
255.95 
55.85 *** 
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Descriptions- Processing sales order 
Resu1tabyDepartment 
Dept Total Mina @ Std Actual No Staff 
Eff Perf SM'a Dept Eff Coat Coat For TWW 
Accounts 50 2826.1 5652.3 14.27 28.53 134.58 
D 50 80.2 160.5 10.03 20.06 3.82 
B 50 33.9 67.8 4.24 8.48 1.61 
x 50 2712.0 5424.0 0.00 0.00 129.14 
Despatching 90 691.6 768.4 44.07 48.97 18.30 
D 90 33.9 37.7 4.24 4.71 0.90 
D&E 90 33.9 37.7 4.24 4.71 0.90 
B 90 284.8 316.4 35.60 39.55 7.53 
x 90 339.0 376.7 0.00 0.00 8.97 
Inventory 60 90.4 150.7 11.30 18.83 3.59 
D 60 90.4 150.7 11.30 18.83 3.59 
Manufacturing 50 3103.0 6206.0 78.54 157.07 147.76 
D 50 18.1 36.2 2.26 4.52 0.86 
D&E 50 610.2 1220.4 76.28 152.55 29.06 
x 50 2474.7 4949.4 0.00 0.00 117.84 
Purchasing 70 136.7 195.3 17.09 24.42 4.65 
D 70 136.7 195.3 17.09 24.42 4.65 
Sales 40 48.6 121.5 21.14 52.85 2.89 
A 40 5.7 14.1 1.88 4.71 0.34 
B 40 11.3 28.3 2.35 5.89 0.67 
B&A 40 5.7 14.1 3.06 7.65 0.34 
B&A&C 40 17.0 42.4 12.71 31.78 1.01 
D 40 9.0 22.6 1.13 2.83 0.54 
SubProcessDeta11s 
No Description 
1 Take the order 
2 Follow inventory activities 
3 Follow manufacturing Activities 
4 Follow purchasing activities 
5 Follow despatching activities 
6 Follow invoicing activities 
Freq SM's 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
48.59 
84.75 
3108.63 
136.73 
691.56 
2826.13 
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TOP-IX-AUT O- QUANTIFYREPORT 
TOP-IX Limited - Loan Copy 
SENSITIVITY LEVEL - LOW j 
Summary of Analyses Created / Existing For 
Processing Sales Order (volume) 
Page No. 1 
Description SMs' 
--- ------------------- -- -------------- - ----------------- 
Existing Analyses 
Tasks 
Get the order 
Check the order 
Discuss the order 
Reject the order 
Give order number 
Check credit status 
Enter "into" system 
Despatch "conformation to" customer 
Reject the order 
Check inventory status 
Check incoming status 
Check "on-order" file 
check status "after item picked' 
Release order for production 
Send part to despatch 
Retrieve the part 
Notify sales part ready 
Prepare invoice 
Despatch invoice 
Check periodically customer accounts 
Notify ledger 
Enter cash book 
Issue "payment required" note 
Follow legal action 
Delay "of" customer money 
Check order information 
Pack ordered items 
Despatch finished packages 
Inform accounts 
Obtain packing material 
Prepare material for packing" 
Check packing material 
Delay to be" despatched 
Place the purchase order 
Send order transition 
Enter purchase ledger "order" 
Receive confirmation note 
5.65 
11.30 
16.95 
0.28 
2.79 
2.79 
2.21 
1.10 
0.28 
2.26 
1.13 
1.01 
1.44 
1.51 
21.69 
21.69 
3.61 
5.65 
33.90 
2.26 
2.16 
2.16 
13.56 
1.35 
2712.00 
33.22 
33.22 
199.33 
2.21 
33.22 
1.69 
11.07 
332.22 
2.26 
33.90 
2.26 
33.90 
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Description 
Delay to receive' ordered item 
Receive & process the invoice 
Check item against the order 
Despatch item to internal department 
Enter purchase ledger 'reciept' 
Contact supplier 
Place order 'on MPS' 
Run 'l4RP' program 
Release purchase order 
Release shop order 
Produce the part 
Send the item to despatch 
Notify sales part ready 
Send part to store 
Delay to run MRP' program 
Delay item to be produced" 
SHs' 
2034.00 
5.65 
11.30 
33.22 
2.26 
0.22 
2.26 
11.30 
2.26 
2.26 
542.40 
17.96 
2.99 
15.93 
305.10 
2169.60 
---------------------------- -------------------------------------- ---------- 
Analyses Completely Created 
Sub Process 
PROCESSING SALES ORDER (VOLUME) 
Activities 
Take the order 
Follow Inventory Activities 
Follow Invoicing Activities 
Follow Despatching Activities 
Follow Purchasing Activities 
Follow Manufacturing Activities 
6900.04 
43.38 
53.28 
2717.60 
633.27 
1424.92 
2027.56 
---------------------------------------------------------------------------- 
Analyses Partially Created - Modification Required -NONE 
---------------------------------------------------------------------------- 
Analyses Still Required to Create -N0NE 
---------------------------------------------------------------------------- 
(C) TOP-IX Limited, 1989-1993 Date Printed -4 May 1995 
Appendix I 
Activity Analysis 04/05/95 
Header 
Desc..... Take the order 
Date Created........ 14/04/95 Last modified....... 27/04/95 
Created By.......... AR 
Branch... N/A 
Equip.... N/A 
Output ID Unit...... 
Procedure Number.... 
Flowchart Ref....... 
COmmB.... 
Allowancee 
Holiday Allowance = ..................... 7.00 
Sickness Allowance s .................... 5.00 
Training Allowance t .................... 3.00 
Support Allowance t ..................... 2.00 
Parametera 
Quantity in TWW ......................... 50.0 
Summary 
Total SM's .............................. 48.59 
Total SM's (Incl Support) .............. 49.56 
Total SM's (Incl Allowances)........... 57.00 
Total Standard Cost/Unit 's............ 21.14 
Total Allowed Minutes ................... 121.48 
Total Allowed Mina (Incl Support)...... 123.90 
Total Allowed Mins (Incl Allowances)... 142.49 
Total Actual Cost/Unit "s .............. 52.85 
Staff Required for TWW @ Dept Perf..... 2.9 
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Description: - Take the order 
Resu1t9byDepartment 
Dept Total Mina @ Std Actual No Staff 
Eff Perf SM's Dept Eff Cost Cost For TWW 
Sales 40 48.6 121.5 21.14 52.85 2.89 
A 40 5.7 14.1 1.88 4.71 0.34 
B 40 11.3 28.3 2.35 5.89 0.67 
B&A 40 5.7 14.1 3.06 7.65 0.34 
B&A&C 40 17.0 42.4 12.71 31.78 1.01 
D 40 9.0 22.6 1.13 2.83 0.54 
ActivityDeta11s 
No Description 
1 Get the order 
2 Check the order 
3 Discuss the order 
4 Reject the order 
5 Give order number 
6 Check credit status 
7 Enter "into" system 
8 Despatch "conformation to' customer 
Freq SH'a 
1 
1 
1 
2 
1 
1 
1 
1 
5.65 
11.30 
16.95 
5.65 
2.83 
2.83 
2.26 
1.13 
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Activity Analys is 04/05/95 
Header 
Desc..... Follow inventory activities 
Date Created........ 14/04/95 Last Modified....... 27/04/95 
Created By.......... AR 
Branch... N/A 
Equip.... N/A 
Output ID Unit...... 
Procedure Number.... 
Flowchart Ref....... 
C. OIDm9 ... " 
Allowancea 
Holiday Allowance % ..................... 7.00 
Sickness Allowance % .................... 5.00 
Training Allowance % .................... 3.00 
Support Allowance % ..................... 2.00 
Parameters 
Quantity in TWW ......................... 50.0 
Summary 
Total SM's .............................. 84.75 
Total SH's (Incl Support) .............. 86.45 
Total SM's (Intl Allowances)........... 99.41 
Total Standard Cost/Unit 's............ 10.59 
Total Allowed Minutes ................... 141.25 
Total Allowed Mina (Incl Support)...... 144.08 
Total Allowed Mina (Incl Allowances)... 165.69 
Total Actual Cost/Unit *a... .... o .... o. 17.66 
Staff Required for TWW @ Dept Perf..... 3.4 
c) TOP-IX Limited, 1989-1993 Continued... 
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Descriptions- Follow inventory activities 
Resu1tsbyDepartment 
Dept Total Hinz @ Std Actual No Staff 
Eff Perf SM's Dept Eff Cost Cost For TWW 
inventory 60 84.8 141.3 10.59 17.66 3.36 
D 60 84.8 141.3 10.59 17.66 3.36 
ActivityDeta119 
No Description 
1 Check inventory status 
2 Check incoming status 
3 Check 'on-order" file 
4 Retrieve the part 
5 Notify sales part ready 
6 Send part to despatch 
7 Check status *after item picked- 
8 Release order for production 
Freg SM'a 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.26 
2.26 
2.26 
33.90 
5.65 
33.90 
2.26 
2.26 
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Activity Analye ie 04/05/95 
Header 
Desc..... Follow manufacturing Activities 
Date Created........ 19/04/95 Last Modified....... 02/05/95 
Created By.......... AR 
Branch... N/A 
Equip.... N/A 
output ID Unit...... 
Procedure Number.... 
Flowchart Ref....... 
COmms... " 
Allowances 
Holiday Allowance 1 ..................... 7.00 
Sickness Allowance 
; 
.................... 5.00 
Training Allowance a .................... 3.00 
Support Allowance 1 ..................... 2.00 
Parameters 
Quantity in TWW ......................... 50.0 
Summary 
Total SM's.............................. 3108.63 
Total SM's (Incl Support) .............. 3170.80 
Total SM's (Incl Allowances)........... 3646.42 
Total Standard Cost/Unit 's............ 79.24 
Total Allowed Minutes ................... 6215.38 
Total Allowed Mina (incl Support)...... 6339.68 
Total Allowed Mina (Incl Allowances)... 7290.64 
Total Actual Cost/Unit 's .............. 158.25 
Staff Required for TWW @ Dept Perf..... 148.0 
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Descriptions- Follow manufacturing Activities 
R8su1tsbyDepartment 
Dept Total Mine @ Std Actual No Staff 
Eff Perf SM's Dept Eff Cost Cost For TWW 
inventory 60 5.7 9.4 0.71 1.18 0.22 
D 60 5.7 9.4 0.71 1.18 0.22 
Manufacturing 50 3103.0 6206.0 78.54 157.07 147.76 
D 50 18.1 36.2 2.26 4.52 0.86 
D&E 50 610.2 1220.4 76.28 152.55 29.06 
X 50 2474.7 4949.4 0.00 0.00 117.84 
ActivityDeta11s 
No Description 
1 Place order on MPS° 
2 Delay to run M P' program 
3 Run "NBP' program 
4 Release purchase order 
5 Release shop order 
6 Delay item to be produced" 
7 Produce the part 
8 Send part to store 
9 Send the item to despatch 
10 Notify sales part ready 
Preq SHIa 
1.00 
1 
1.00 
1.00 
1.00 
1 
1.00 
1.00 
1.00 
1.00 
2.26 
305.10 
11.30 
2.26 
2.26 
2169.60 
542.40 
33.90 
33.90 
5.65 
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Activity Analysis 04/05/95 
Header 
Desc..... Follow purchasing activities 
Date Created........ 19/04/95 Last Modified....... 02/05/95 
Created By.......... AR 
Branch... N/A 
Equip.... N/A 
Output ID Unit...... 
Procedure Number.... 
Flowchart Ref....... 
Comma. ... 
Allowances 
Holiday Allowance ä ..................... 7.00 
Sickness Allowance s .................... 5.00 
Training Allowance t .................... 3.00 
Support Allowance t ..................... 2.00 
arameters 
Quantity in TWW ......................... 50.0 
Summary 
Total SM's .............................. 136.73 
Total SM's (Incl Support) .............. 139.46 
Total SM's (Incl Allowances)........... 160.38 
Total Standard Cost/Unit 's............ 17.09 
Total Allowed Minutes ................... 195.33 
Total Allowed Mins (Incl Support)...... 199.24 
Total Allowed Mine (Incl Allowances)... 229.12 
Total Actual Cost/Unit 's .............. 24.42 
Staff Required for TWW @ Dept Perf..... 4.7 
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Description: - Follow purchasing activities 
Resu1tsbyDepartment 
Dept Total Mina @ Std Actual No Staff 
Eff Perf SM's Dept Eff Cost Cost For TWW 
Purchasing 70 136.7 195.3 17.09 24.42 4.65 
D 70 136.7 195.3 17.09 24.42 4.65 
ActivityDeta11s 
No Description 
1 Place the purchase order 
2 Send order transition 
3 Receive confirmation note 
4 Enter purchase ledger 'order- 
5 Receive & process the invoice 
6 Enter purchase ledger 'reciept' 
7 Check item against the order 
8 Contact supplier 
9 Despatch item to internal department 
Freg SM'e 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.26 
33.90 
33.90 
2.26 
5.65 
2.26 
11.30 
11.30 
33.90 
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Activity Analys is 04/05/95 
ß9ader 
Desc..... Follow despatching activities 
Date Created........ 19/04/95 Last Modified....... 02/05/95 
Created By.......... AR 
Branch... N/A 
Equip.... N/A 
Output ID Unit...... 
Procedure Number.... 
Flowchart Ref....... 
.... Comma 
A11owances 
Holiday Allowance 1 ..................... 7.00 
Sickness Allowance So ................... 5.00 
Training Allowance % .................... 3.00 
Support Allowance %. o ............. * ..... 2.00 
Parametera 
Quantity in TWW ......................... 50.0 
Summary 
Total SH's .............................. 691.56 
Total SM's (Incl Support) .............. 705.39 
Total SM's (Incl Allowances)........... 811.20 
Total Standard Cost/Unit 's............ 44.07 
Total Allowed Minutes ................... 768.40 
Total Allowed Mina (Incl Support)...... 783.77 
Total Allowed Mina (Incl Allowances)... 901.33 
Total Actual Cost/Unit 's .............. 48.97 
Staff Required for TWW @ Dept Perf..... 18.3 
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Description: - Follow despatching activities 
Resu1tabyDepartment 
Dept Total Mina @ Std Actual No Staff 
Eff Perf SM's Dept Eff Cost Cost For TWW 
Despatching 90 691.6 768.4 44.07 48.97 18.30 
D 90 33.9 37.7 4.24 4.71 0.90 
D&E 90 33.9 37.7 4.24 4.71 0.90 
E 90 284.8 316.4 35.60 39.55 7.53 
Y 90 339.0 376.7 0.00 0.00 8.97 
ActivityDeta11a 
No Description 
1 Check order information 
2 Obtain packing material 
3 Check packing material 
4 Prepare material "for packing" 
5 Pack ordered items 
6 Delay to be" despatched 
7 Despatch finished packages 
8 Inform accounts' 
Freg SM'a 
1.00 
1.00 
1.00 
1.00 
1.00 
1 
1.00 
1.00 
33.90 
33.90 
11.30 
33.90 
33.90 
339.00 
203.40 
2.26 
CopyrightTOP-I%Ltd(Cj19931 
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Activity sis Ana1y 04/05/95 
Header 
Deec..... Follow invoicing activities 
Date Created........ 19/04/95 Last Modified....... 01/05/95 
Created By.......... AR 
Branch... N/A 
Equip.... N/A 
Output ID Unit...... 
Procedure Number.... 
Flowchart Ref....... 
CammB.... 
Allowances 
Holiday Allowance %. * ................ o.. 7.00 
Sickness Allowance t .................... 5.00 
Training Allowance %. o .................. 3.00 
Support Allowance % ..................... 2.00 
Parameters 
Quantity in TWW ......................... 50.0 
Summary 
Total SM's .............................. 2826.13 
Total SM's (Incl Support) .............. 2882.65 
Total SM's (Incl Allowances)........... 3315.05 
Total Standard Cost/Unit 's............ 14.27 
Total Allowed Minutes ................... 5652.26 
Total Allowed Mina (Zncl Support)...... 5765.31 
Total Allowed Mina (Zncl Allowances)... 6630.10 
Total Actual Cost/Unit is .............. 28.53 
Staff Required for TWW @ Dept Perf..... 134.6 
(c) TOP-IX Limited, 1989-1993 Continued... 
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Descriptions- Follow invoicing activities 
Reau1tabyDepartment 
Dept Total Mins @ Std Actual No Staff 
Eff Perf SM's Dept Eff Cost Cost For TWW 
Accounts 50 2826.1 5652.3 14.27 28.53 134.58 
D 50 80.2 160.5 10.03 20.06 3.82 
9 50 33.9 67.8 4.24 8.48 1.61 
x 50 2712.0 5424.0 0.00 0.00 129.14 
ActivityDeta11s 
No Description 
1 Prepare invoice 
2 Despatch invoice 
3 Delay "of" customer money 
4 Check periodically customer accounts 
5 Issue "payment required- note 
6 Notify ledger 
7 Enter cash book 
8 Follow legal action 
Freq SM"s 
1.00 
1.00 
1 
1.00 
1.00 
1.00 
1.00 
1.00 
5.65 
33.90 
2712.00 
2.26 
33.90 
2.26 
2.26 
33.90 
CopyrightTOP-IX Ltd ( C) 1993 
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Complete result of TOP-IX on "To-be" IT-based 
model for Hoist Division of Morris 
Appendix II 
In This appendix the complete computer printout of the TOP-IX for the model 
constructed on the new "To-be" situation of the IT-based environment is 
documented. This model was prepared for the first case study performed in the Hoist 
Division of Morris. 
On the first page there is a summary analysis of the "Sales Order Processing" (SOP) 
sub process, and the results of the three domains of evaluation (lead time, cost, and 
number of staff) are highlighted by'***'. On the second page the result of simulation 
is categorised by departments. It demonstrates the time spend, cost and number of 
staff ranked by their skills in every department. 
On the third and fourth page, the analysis includes all the tasks involved in the SOP 
sub process and the time required to perform them, followed by the major activities in 
the sub process and the time for every activity to be performed. 
Since the rest of the computer printout deals with the analysis of the activities and the 
tasks involved, and the numbers do not change much, they have been omitted. 
Appendix II 
SubProceas Analysis 26/09/95 
Header 
Desc..... Processing sales order test 
Date Created........ 30/06/95 Last Modified....... 30/06/95 
Created By.......... AR 
Branch... N/A 
Equip.... N/A 
Output ID Unit...... 
Procedure Number.... 
Flowchart Ref....... 
.... Comma 
Criticality of Cost. MED 
" Timeliness.... MED 
"" Quality...... MED 
Allowances 
Holiday Allowance t ..................... 7.00 
Sickness Allowance %. * ..... 0 ...... 0 ... *. 5.00 
Training Allowance t .................... 3.00 
Support Allowance 7 ..................... 2.00 
Parametera 
Quantity in TWW ......................... 50.0 
Summary 
Total SM's .............................. 4184.39 
Total SM's (Incl Support) .............. 4268.08 
Total SM's (Intl Allowances)........... 4908.29 
Total Time in Days ...................... 11.69 *** 
Total Standard Cost/Unit £'s............ 186.40 
Total Allowed Minutes ................... 7670.09 
Total Allowed Mins (Incl Support)...... 7823.49 
Total Allowed Mine (Incl Allowances)... 8997.02 
Total Actual Cost/Unit foe .............. 330.67 *** 
Staff Required for TWW @ Dept Perf..... 182.60 
Staff Calculated for Delay Time......... 126.81 
Total Staff Required for Actual Work.... 55.79 *** 
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Descriptions- Processing sales order test 
Resu1tsbyDepartment 
Dept Total Mina @ Std Actual No Staff 
Eff Perf SM's Dept Eff Cost Cost For TWW 
Accounts 50 114.1 
D 50 80.2 
E 50 33.9 
Despatching 90 691.6 
D 90 33.9 
D&E 90 33.9 
E 90 284.8 
% 90 339.0 
Inventory 60 90.4 
D 60 90.4 
Manufacturing 50 3103.0 
D 50 18.1 
D&E 50 610.2 
% 50 2474.7 
Purchasing 70 136.7 
D 70 136.7 
Sales 40 48.6 
A 40 5.7 
B 40 11.3 
B&A 40 5.7 
B&A&C 40 17.0 
D 40 9.0 
228.3 14.27 28.53 5.43 
160.5 10.03 20.06 3.82 
67.8 4.24 8.48 1.61 
768.4 44.07 48.97 18.30 
37.7 4.24 4.71 0.90 
37.7 4.24 4.71 0.90 
316.4 35.60 39.55 7.53 
376.7 0.00 0.00 8.97 
150.7 11.30 18.83 3.59 
150.7 11.30 18.83 3.59 
6206.0 78.54 157.07 147.76 
36.2 2.26 4.52 0.86 
1220.4 76.28 152.55 29.06 
4949.4 0.00 0.00 117.84 
195.3 17.09 24.42 4.65 
195.3 17.09 24.42 4.65 
121.5 21.14 52.85 2.89 
14.1 1.88 4.71 0.34 
28.3 2.35 5.89 0.67 
14.1 3.06 7.65 0.34 
42.4 12.71 31.78 1.01 
22.6 1.13 2.83 0.54 
SubProcessDetai1s 
No Description 
1 Take the order 
2 Follow inventory activities 
3 Follow manufacturing Activities 
4 Follow purchasing activities 
5 Follow despatching activities 
6 Follow invoicing activities test 
Freq SN's 
1.00 48.59 
1.00 84.75 
1.00 3108.63 
1.00 136.73 
1.00 691.56 
1.00 114.13 
CopyrightTOP-I%Ltd( C) 1993 
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TOP-IY-AUT O- QUANTIFYREPORT 
TOP-IX Limited - Loan Copy 
( SENSITIVITY LEVEL - LOW ] 
Summary of Analyses Created / Existing For s 
Processing Sales Order Test 
Page No. 1 
Description SMe" 
------ ---------- - ------------------------------------- 
Existing Analyses 
Tasks 
Get the order 
Check the order 
Discuss the order 
Reject the order 
Give order number 
Check credit status 
Enter 'into' system 
Despatch 'conformation to' customer 
Reject the order 
Check inventory status 
Check incoming status 
Check 'on-order' file 
check status 'after item picked' 
Release order for production 
Send part to despatch 
Retrieve the part 
Notify sales part ready 
Prepare invoice 
Despatch invoice 
Check periodically customer accounts 
Notify ledger 
Enter cash book 
Issue 'payment required" note 
Follow legal action 
Check order information 
Pack ordered items 
Despatch finished packages 
Inform accounts 
Obtain packing material 
Prepare material for packing" 
Check packing material 
Delay to be' despatched 
Place the purchase order 
Send order transition 
Enter purchase ledger "order' 
Receive confirmation note 
Receive & process the invoice 
5.65 
11.30 
16.95 
0.28 
2.79 
2.79 
2.21 
1.10 
0.28 
2.26 
1.13 
1.01 
1.44 
1.51 
21.69 
21.69 
3.61 
5.65 
33.90 
2.26 
2.16 
2.16 
13.56 
1.35 
33.22 
33.22 
199.33 
2.21 
33.22 
1.69 
11.07 
332.22 
2.26 
33.90 
2.26 
33.90 
5.65 
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Description 
Check item against the order 
Despatch item to internal department 
Enter purchase ledger 'reciept' 
Contact supplier 
Place order on MPS" 
Run 'MRP' program 
Release purchase order 
Release shop order 
Produce the part 
Send the item to despatch 
Notify sales part ready 
Send part to store 
Delay to run MRP' program 
Delay item to be produced' 
SMe0 
11.30 
33.22 
2.26 
0.22 
2.26 
11.30 
2.26 
2.26 
542.40 
17.96 
2.99 
15.93 
305.10 
2169.60 
---------------------------------------------------------------------------- 
Analyses Completely Created 
Sub Process 
PROCESSING SALES ORDER TEST 
Activities 
Take the order 
Follow Inventory Activities 
Follow Invoicing Activities 
Follow Despatching Activities 
Follow Purchasing Activities 
Follow Manufacturing Activities 
2899.84 
43.38 
53.28 
59.84 
633.27 
82.48 
2027.56 
---------------------------------------------------------------------------- 
Analyses Partially Created - Modification Required -N0NE 
---------------------------------------------------------------------------- 
Analyses Still Required to Create -N0NE 
---------------------------------------------------------------------------- 
(C) TOP-IX Limited, 1989-1993 Date Printed - 26 September 1995 
Appendix In 
TOP-IX generated flow chart for SOP sub process of 
Hoist division of Morris 
Appendix III 
This appendix carries the flow chart for the SOP sub process of Hoist Division of 
Morris for the Manual environment, regardless of the functional departments. 
On the first page, the major activities of SOP are shown. It shows how typical orders 
moves around in the sub process and what percentage of the orders go through 
different activities. 
The following pages, each covers one major activity and all the tasks involved in it. It 
also indicates what percentage of the orders going through each tasks. 
Appendix III 
PROCESSING SALES ORDER 
Take the 
order ^z^ 
< 1.0000 >A!; 
----------------------- 
Follow 
Inventory 
; Activities "2' 
< 0.9800 >? 
Follow 
Despatching 
; Activities "2? d 
< 0.9800 >E! 
Follow, 
Invoicing 
Activities "27 
< 0.9800 >F? 
** SUB-PROCESS ** 
Follow ----------- - "_"_ _ .. _., Follow 'Manufacturing; Purchasing 
Activities ^2" Activities ^2' 
< 0.6600 >C; < 0.6600 >D 
........................... : 
Appendix III 
Take the order "2" 
O 
4 
Get the order 
< 1.0000 > 
ý 
Check the order 
< 1.0000. > 
b 
Discuss the order 
< 1.0000 >. 
ý 
Ye 4 Give order number 
manually 
< 0.9900 > 
ý 
Check credit status 
manually 
< 0.9900 > 
b 
No 
Enter "into" system 
manually 
< 0.9800 > 
ý 
Despatch 
"conformation to" 
customer 
< 0.9800 > 
** ACTIVITY ** A 
b 
p Activity B 
Appendix III 
I 
I 
Yes 
No 
Check "n-order" 
fLfile manually 
< L. 
_-_0.4500 
> 
a 
Yes 
Yes 
D 
-. 1. 
ý 
A 
v 
** ACTIVITY ** B 
Retrieve the part 
< 0.6400 > 
b 
Notify sales part 
ready manually 
< 0.6400 > 
Send part to 
despatch 
< 0.6400 > 
-tr Check status 
"after item 
picked" manually 
< 0.6400 > 
V 
ý 
a 
Follow Inventory Activities A2 
Check inventory 
status manually 
< 1.0000 > 
ý 
No sj 
Check incoming 
status manually 
< 0.5000 > 
a 
F-D 
I--> 
Yes 
Release order for 
production 
"manually" 
< 0.6700 > 
Appendix III 
Follow Manufacturing Activities ^2" 
** ACTIVITY **C 
Place order "on 
MPS" 
< 1.0000 > 
b 
ý D 
Delay "to run 
NBP" program 
< 1.0000 > 
Run *iMRP" progr 
< 1.0000 > 
Release purchase 
order manually 
< 1.0000 > 
ý 
Release shop 
order manually 
< 1.0000 > 
a 
D 
Delay item "to 
be produced- 
< 1.0000 > 
ý 
Produce the par 
< 1.0000 > 
ý 
Send the item to 
despatch 
< 0.5300 > 
STL 
Notify sales 
part ready 
manually 
< 0.5300 > 
Send part to 
store 
< 0.4700 > 
N 
Activity A 
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Follow Purchasing Activities "2" 
** ACTIVITY *, D 
Place the purchase 
order manually 
< 1.0000 > 
b Send order transition 
< 1.0000 > 
d 
Receive confirmation 
note 
< 1.0000 > 
b Enter purchase ledger 
*order* manually 
< 1.0000 > 
d 
Receive & process the 
invoice "manually" 
< 1.0000 > 
Enter purchase ledger 
"reciept" manually 
< 1.0000 > 
d 
Check item against the 
order 
< 1.0000 > 
d 
Yes 
Despatch item to 
internal department 
< 0.9800 > 
d 
D Supplier 
Contact supplier 
< 0.0200 > 
i 
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Follow Despatching Activities -2- 
** ACTIVITY ** E 
Check order 
information 
< 0.9800 > 
v 
Obtain packing 
material 
< 0.9800 > 
SZ 
Check packing_ 
material 
< 0.9800 > 
b 
Pack ordered item 
< 0.9800 > 
b 
D 
d Delay "to be" 
despatched 
< 0.9800 > 
b Despatch finished 
packages 
< 0.9800 > 
SZ 
Inform accounts 
manually 
< 0.9800 > 
b 
No 
r 
Prepare material 
for packing- 
< 0.0500 > 
d 
D 
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Follow Invoicing Activities "2" 
Prepare invoice 
manually 
< 1.0000 > 
1ý Despatch invoice 
< 1.0000 > 
ý 
D 
16 
Delay "of" 
customer money 
< 1.0000 > 
ý 
Check 
periodically 
customer account 
manually 
< 1.0000 > 
ý 
No 
V 
Notify ledger 
manually 
< 0.9600 > 
1ý Enter cash book 
manually 
< 0.9600 > 
ý 
** ACTIVITY ** F 
Follow legal 
action 
< 0.0400 > 
i 
i 
Appendix IV 
Complete result of TOP-IX on "As-is" Manual model 
for Hoist Division of Morris 
Appendix IV 
In This appendix the complete computer printout of the TOP-IX for the model 
constructed on the "As-is" situation of the Manual environment is documented. This 
model was prepared for the first case study performed in the Hoist Division of 
Morris. 
On the first page there is a summary analysis of the "Sales Order Processing" (SOP) 
sub process, and the results of the three domains of evaluation (lead time, cost, and 
number of staff) are highlighted by `***'. On the second page the result of simulation 
is categorised by departments. It demonstrates the time spend, cost and number of 
staff ranked by their skills in every department. 
On the third and fourth page, the analysis includes all the tasks involved in the SOP 
sub process and the time required to perform them, followed by the major activities in 
the sub process and the time for every activity to be performed. 
Since the rest of the computer printout deals with the analysis of the activities and the 
tasks involved, and the numbers do not change much, they have been omitted. 
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SubProc"ssAna1ysis 
Header 
Desc..... Processing sales order -2- 
Date Created........ 28/06/95 Last Modified....... 28/06/95 
Created By.......... AR 
Branch... N/A 
Equip.... N/A 
Output ID Unit...... 
Procedure Number.... 
Flowchart Ref....... .. 
Comma.... 
Criticality of Cost. MED 
Timeliness.... MED 
of Quality...... NED 
Allowanc9a 
Holiday Allowance t ............ 
Sickness Allowance t ...... .................... 
Training Allowance t .................... 
Support Allowance t ..................... 
Parametersý 
Quantity in TWW ......................... 
Summary 
Total SM's .............................. 
Total SH'a (Incl Support) .............. 
Total SM's (2ncl Allowances)........... 
Total Time in Days ...................... 
Total Standard Cost/Unit £'s............ 
Total Allowed Minutes ................... 
Total Allowed Mina (Incl Support)...... 
Total Allowed Mine (Incl Allowances)... 
Total Actual Cost/Unit £'s .............. 
Staff Required-for TWW @ Dept Perf..... 
Staff Calculated for Delay Time......... 
Total Staff Required for Actual Work.... 
50.0 
26/09/95 
7.00 
5.00 
3.00 
2.00 
7167.59 
7310.94 
8407.58 
20.02 *** 
220.30 
13570.93 
13842.35 
15918.70 
390.27 *** 
323.10 
255.95 
67.15 *** 
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Page No. 2 
Descriptions- Processing sales order '2' 
Raau1t5 byDepartment 
Dept Total Mina @ Std Actual No Staff 
zff Perf SK's Dept Eff Cost Cost ror TWW 
Accounts 50 2870.2 5740.4 19.78 39.55 136.68 
D 50 124.3 248.6 15.54 31.08 5.92 
E 50 33.9 67.8 4.24 8.48 1.61 
Z 50 2712.0 5424.0 0.00 0.00 129.14 
Despatching 90 700.6 778.4 45.20 50.22 18.53 
D 90 45.2 50.2 5.65 6.28 1.20 
D&8 90 33.9 37.7 4.24 4.71 0.90 
g 90 282.5 313.9 35.31 39.24 7.47 
Z 90 339.0 376.7 0.00 0.00 8.97 
Inventory 60 237.3 395.5 29.66 49.44 9.42 
D 60 169.5 282.5 21.19 35.31 6.73 
g 60 67.8 113.0 8.48 14.13 2.69 
Manufacturing 50 3121.1 6242.1 80.80 161.59 148.62 
D 50 36.2 72.3 4.52 9.04 1.72 
D&B 50 610.2 1220.4 76.28 152.55 29.06 
Z 50 2474.7 4949.4 0.00 0.00 117.84 
Purchasing 70 169.5 242.1 21.19 30.27 5.77 
D 70 169.5 242.1 21.19 30.27 5.77 
Sales 40 68.9 172.3 23.68 59.21 4.10 
A 40 5.7 14.1 1.88 4.71 0.34 
B 40 11.3 28.3 2.35 5.89 0.67 
B&A 40 5.7 14.1 3.06 7.65 0.34 
B&A&C 40 17.0 42.4 12.71 31.78 1.01 
D 40 29.4 73.5 3.67 9.18 1.75 
SubProcesaDeta118 
No Description 
1 Take the order '2' 
2 Follow inventory activities '2' 
3 Follow manufacturing activities -2- 
4 Follow purchasing activities -2- 
5 follow despatching activities -2- 
6 Follow invoicing activities -2- 
Freg SH's 
1 
1 
1 
1 
1 
1 
68.93 
203.40 
3154.96 
169.50 
700.60 
2870.20 
CopyrightTOP-I%Ltd( C) 1993 
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TOP -IX-AUT O- QUANTIYYREPORT 
TOP-IX Limited - Loan Copy 
SENSITIVITY LEVEL - LOW j 
Summary of Analyses Created / Existing For : 
Processing Sales Order (volume) "2' 
Page No. 1 
Description SMs ' 
Existing Analyses 
Tasks 
Get the order 
Check the order 
Discuss the order 
Reject the order 
Give order number manually 
Check credit status manually 
Enter "into' system manually 
Despatch 'conformation to' customer 
Reject the order 
Check inventory status manually 
Check incoming status manually 
Check on-order' file manually 
Check status 'after item picked' manually 
Release order for production 'manually' 
Send part to despatch 
Retrieve the part 
Notify sales part ready manually 
Prepare invoice manually 
Despatch invoice 
Check periodically customer account manually 
Notify ledger manually 
Enter cash book manually 
Issue payment required' note 
Follow legal action 
Delay of' customer money 
Check order information 
Pack ordered items 
Despatch finished packages 
Inform accounts manually 
Obtain packing material 
Prepare material 'for packing' 
Check packing material 
Delay to be' despatched 
Place the purchase order manually 
Send order transition 
Enter purchase ledger 'order' manually 
5.65 
11.30 
16.95 
0.28 
5.59 
11.18 
11.07 
1.10 
0.28 
33.90 
16.95 
5.08 
7.23 
7.57 
21.69 
21.69 
21.69 
22.60 
33.90 
11.30 
10.84 
10.84 
13.56 
1.35 
2712.00 
33.22 
33.22 
199.33 
11.07 
33.22 
1.69 
11.07 
332.22 
11.30 
33.90 
11.30 
(c) TOP-IX Limited, 1990,1991,1992 Continued... 
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Page No. Z 
Description 
Receive confirmation note 
Receive & process the invoice 'manually' 
Check item against the order 
Despatch item to internal department 
enter purchase ledger "reciept- manually 
Contact supplier 
Place order on MPS' 
Run 'NRP- program 
Release purchase order manually 
Release shop order manually 
Produce the part 
Send the item to despatch 
Notify sales part ready manually 
Send part to store 
Delay to run MRP" program 
Delay item *to be produced" 
SHs" 
33.90 
11.30 
11.30 
33.22 
11.30 
0.22 
2.26 
11.30 
11.30 
11.30 
542.40 
17.96 
17.96 
15.93 
305.10 
2169.60 
------- -- -- -------- - ------------------------------------------------- 
Analyses Completely Created 
Sub Process 
PROCESSING SALES ORDER (VOLUME) '2" 
Activities 
Take the order '2 
Follow Inventory Activities '2' 
Follow Invoicing Activities '2' 
Follow Despatching Activities '2' 
Follow Purchasing Activities '2' 
Follow Manufacturing Activities -2- 
5752.07 
63.42 
133.10 
2760.08 
641.95 
104.11 
2049.38 
---------------------------------------------------------------------------- 
Analyses Partially Created - Modification Required -N0NE 
---------------------------------------------------------------------------- 
Analyses Still Required to Create -N0NE 
--------------------- ----------------------------------------------------- 
(c) TOP-IX Limited, 1989-1993 Date Printed - 26 September 1995 
Appendix V 
Complete result of TOP-IX 'on "To-be" Manual 
model for Hoist Division of Morris 
Appendix V 
In This appendix the complete computer printout of the TOP-IX for the model 
constructed on the new `To-be" situation of the Manual environment is documented. 
This model was prepared for the first case study performed in the Hoist Division of 
Morris. 
On the first page there is a summary analysis of the "Sales Order Processing" (SOP) 
sub process, and the results of the three domains of evaluation (lead time, cost, and 
number of staff) are highlighted by `***'. On the second page the result of simulation 
is categorised by departments. It demonstrates the time spend, cost and number of 
staff ranked by their skills in every department. 
On the third and fourth page, the analysis includes all the tasks involved in the SOP 
sub process and the time required to perform them, followed by the major activities in 
the sub process and the time for every activity to be performed. 
Since the rest of the computer printout deals with the analysis of the activities and the 
-- --- --- -- - tasks involved, and the numbers do not change much, they have-been omitted. 
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Sub Proc"aa Analy ia 26/09/95 
Seader 
Desc..... Processing sales order "2" test 
Date Created........ 30/06/95 
Created By.......... AR 
Last Modified....... 30/06/95 
Branch... N/A 
Equip.... N/A 
Output ID Unit...... 
Procedure Humber.... 
Flowchart Rel..:... '. 
COMM8... 
. 
Criticality of Cost. MED 
.. Timeliness.... MED 
Quality...... MED 
Allowancea 
Holiday Allowance t ..................... 7.00 
Sickness Allowance = ................. ... " 5.00 
Training Allowance " .................... 3.00 
Support Allowance s ..................... 2.00 
Parameters 
Quantity in TWW ......................... 50.0 
Summary 
Total SM's .............................. 4455.59 
Total SM's (Incl Support) .............. 4544.70 
Total SM's (Incl Allowances)........... 5226.41 
Total Time in Days ...................... 12.44 *** 
Total Standard Cost/Unit £'s............ 220.30 
Total Allowed Minutes ................... 8146.93 
Total Allowed Mina (Incl Support)...... 8309.87 
Total Allowed Mina (Incl Allowances)... 9556.35 
Total Actual Cost/Unit £"a .............. 390.27 *** 
Staff Required for TWW @ Dept Perf..... 194.00 
Staff Calculated for Delay Time......... 126.81 
Total Staff Required for Actual Work.... 67.19 *** 
(c) TOP-IX Limited, 1989-1993 Continued... 
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Page No. 2 
Descriptions- Processing sales order -2- test 
Resu1tsbyDepartment 
Dept Total Ming 8 Std Actual No Staff 
Bff Perf SH's Dept Bff Cost Cost For TWW 
Accounts 50 158.2 316.4 19.78 39.55 7.53 
D 50 124.3 248.6 15.54 31.08 5.92 
g 50 33.9 67.8 4.24 8.48 1.61 
Despatching 90 700.6 778.4 45.20 50.22 18.53 
D 90 45.2 50.2 5.65 6.28 1.20 
D&S 90 33.9 37.7 4.24 4.71 0.90 
g 90 282.5 313.9 35.31 39.24 7.47 
x 90 339.0 376.7 0.00 0.00 8.97 
Inventory 60 237.3 395.5 29.66 49.44 9.42 
D 60 169.5 282.5 21.19 35.31 6.73 
g 60 67.8 113.0 8.48 14.13 2.69 
manufacturing 50 3121.1 6242.1 80.80 161.59 148.62 
D 50 36.2 72.3 4.52 9.04 1.72 
D&Z 50 610.2 1220.4 76.28 152.55 29.06 
x 50 2474.7 4949.4 0.00 0.00 117.84 
Purchasing 70 169.5 242.1 21.19 30.27 5.77 
D 70 169.5 242.1 21.19 30.27 5.77 
Sales 40 68.9 172.3 23.68 59.21 4.10 
A 40 5.7 14.1 1.88 4.71 0.34 
B 40 11.3 28.3 2.35 5.89 0.67 
B&A 40 5.7 14.1 3.06 7.65 0.34 
B&A&C 40 17.0 42.4 12.71 31.78 1.01 
D 40 29.4 73.5 3.67 9.18 1.75 
SubProcessDeta11s 
No Description 
1 Take the order '2' 
2 Follow inventory activities *2" 
3 Follow manufacturing activities "2" 
4 Follow purchasing activities *2" 
5 follow despatching activities -2- 
6 Follow invoicing activities *2" test 
Preq SH'a 
i 
i 
i 
i 
i 
1.00 
68.93 
203.40 
3154.96 
169.50 
700.60 
158.20 
CopyrightTOP-SXLtd( C) 1993 
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TO P- IX-AUT O- QUANTIFYREPORT 
TOP-IX Limited - Loan Copy 
( SENSITIVITY LEVEL - LOW ] 
Summary of Analyses Created / Existing For : 
Processing Sales Order (volume) *2- Test 
Page No. 1 
Description SMs' 
- --------- 
Existing Analyses 
Tasks 
Get the order 
Check the order 
Discuss the order 
Reject the order 
Give order number manually 
Check credit status manually 
Enter -into" system manually 
Despatch -conformation to- customer 
Reject the order 
Check inventory status manually 
Check incoming status manually 
Check "on-order" file manually 
Check status 'after item picked- manually 
Release order for production 'manually' 
Send part to despatch 
Retrieve the part 
Notify sales part ready manually 
Prepare invoice manually 
Despatch invoice 
Check periodically customer account manually 
Notify ledger manually 
Enter cash book manually 
Issue -payment required' note 
Follow legal action 
Check order information 
Pack ordered items 
Despatch finished packages 
Inform accounts manually 
Obtain packing material 
Prepare material for packing" 
Check packing material 
Delay to be" despatched 
Place the purchase order manually 
Send order transition 
Enter purchase ledger ^order- manually 
Receive confirmation note 
Receive & process the invoice *manually" 
5.65 
11.30 
16.95 
0.28 
5.59 
11.18 
11.07 
1.10 
0.28 
33.90 
16.95 
5.08 
7.23 
7.57 
21.69 
21.69 
21.69 
22.60 
33.90 
11.30 
10.84 
10.84 
13.56 
1.35 
33.22 
33.22 
199.33 
11.07 
33.22 
1.69 
11.07 
332.22 
11.30 
33.90 
11.30 
33.90 
11.30 
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Page No. 2 
Description 
Check item against the order 
Despatch item to internal department 
Enter purchase ledger 'reciept' manually 
Contact supplier 
Place order on MPS' 
Run 'MRP' program 
Release purchase order manually 
Release shop order manually 
Produce the part 
Send the item to despatch 
Notify sales part ready manually 
Send part to store 
Delay to run MRP' program 
Delay item to be produced' 
SHs' 
11.30 
33.22 
11.30 
0.22 
2.26 
11.30 
11.30 
11.30 
542.40 
17.96 
17.96 
15.93 
305.10 
2169.60 
-- - ---- -------------- - -------------------------------- - ------ - ----- 
Analyses Completely Created 
Sub Process 
PROCESSING SALES ORDER_. (VOLUME) _ -2t--TEST -- -ý_ 
Activities 
---- 3094.31- 
Take the order '2' 63.42 
Follow Inventory Activities '2' 133.10 
Follow Invoicing Activities '2' 102.32 
Follow Despatching Activities '2' 641.95 
Follow Purchasing Activities '2' 104.11 
Follow Manufacturing Activities '2' 2049.38 
---------------------------------------------------------------------------- 
Analyses Partially Created - Modification Required -N0NE 
--------------------------------- - -------------------------------- - -- -- 
Analyses Still Required to Create -N0NE 
---------------------------------------------------------------------------- 
(c) TOP-IX Limited, 1989-1993 Date Printed - 26 September 1995 
Appendix VI 
Sample of questionnaire distributed in Engineered 
Product Division of Morris 
Appendix VI 
This appendix covers the questionnaire prepared for the second case study. It was sent 
out at Engineered Product Division of Morris to the individuals in the six active 
departments and green teams. The questionnaire was designed to identify the 
procedures used to perform each of the tasks by every individual, the information they 
need to do the job, the information they generate and pass on to others, and the 
paperwork handled on a day to day basis. 
The questionnaire consists of four parts. The first part identifies the procedures that 
individual uses to carry out his job. The second part inquires about the information 
and source of this information required to perform the job. The third part identifies 
the generated information and the destination- where this -information is sent to. 
Finally the fourth part examines the documentation or paperwork regularly used to 
carry out the job. 
Appendix Vt 
10/6/94 
DEFINING THE PROCEDURES USED IN THE COMPANY 
One of the main aims of the green area system is the 
documentation of all the procedures in the business and the 
clear identification of the paperwork and information that you 
need to carry out your job and the information and paperwork 
that you generate to pass on to others. 
The aim is to clearly identify these procedures in the form of 
flow charts and procedural statements and put these on to the 
display system in the green areas. To help in this process can 
you specify the information listed below. 
1. The procedures that you use to carry out your job. 
2. The information that you need to carry out'your job. 
3. The information that you generate and pass on to others. 
4. The documentation in the form of paperwork that you handle 
on a day to day basis. 
Could you please complete this form by the 13/6/94 and 
return the completed form to Bruce Norridge. 
PROCEDURES IN MORRIS 
Name........... Green Area Team........... 
1. Identify the procedures that you use to carry out your 
job. 
Continued over page. 
Appendix VI 
2. Information that you need to carry out your job. 
(also name the source of the information) 
3. Information that you generate and pass to others. 
(also name the destination of the information) 
4. The 
produce 
documentation/paperwork that you regularly use or 
in carrying out your job. 
Appendix VII 
Input/output analysis of the tasks in design team of 
Engineered Product Division of Morris 
Appendix VII 
This appendix includes the input/output analysis of all tasks performed in the design team 
of the Sales Order Processing (SOP) for the second case study. After the results of 
questionnaire were analysed and right after the interviews with selected individuals at the 
Engineered Product Division of Morris 
The analysis clearly identifies the tasks, the inputs they require, where the inputs are 
coming from, the outputs they prepare and where the outputs are coming from. 
Appendix VII 
Contract acceptance 
(Sales manager) 
Signing the document 
y 
(Operation 
Manager) 
Appendix VII 
Tender information 
(Sales manager) 
r 
Prepare contract 
instructions 
v 
(Purchasing) 
W 
(Quality) 
vrv (Production 
(Design) (Planning) 
Engineering) 
Appendix VII 
Tender estimate 
(Estimating) 
(Design team) 
Prepare contract plan 
(Design team) 
Appendix VII 
Contract Major items in 
instruction estimation 
Contract program 
(Design team) (Estimating) 
(Planning) 
Contract plan 
(design team) 
Dept. activity 
Schedules 
(planning) 
Cost 
breakdown 
(Estimating) 
Quality plan 
(quality) 
Prepare design 
(Design team) (Design team) 
Appendix VII 
(Design team) 
Prepare procurement 
specifications 
W 
(Supplier) 
Appendix VII 
(Design team) 
Quotation 
(Supplier) 
Evaluate specifications 
(Design team) 
Appendix VII 
Design document 
(Design team) 
(Design team) 
Prepare-drawing 
r (Design team) r 
(Design team) (Production engineer) 
Appendix VII 
(Design team) 
Input bill of material 
v 
(Design team) 
Appendix VII 
(Design team) 
r 
Request the purchase of 
goods 
W 
(purchasing) 
Appendix VII 
(Design team) 
Customer 
approval 
(Customer) 
v 
Ammendment to 
contract 
W 
(Design) 
W 
(Purchasing) 
yIW 
(Estimating) (Planning) 
Appendix VII 
(Design team) 
r 
Design change request 
(Production engineering) 
Change the design as 
requested 
(Design team) 
Appendix VII 
Amend, to 
,___,, Cost data for Drawings rurcnasea gooas I'111li OPtinn 
ýT1 - _! a_......... 
\ /rý.. ra. l. ný. ir. 'r\ 
va. sa. sbvaaaa6 
kuesign team) lpUl\. 11QJ111r, ) 
Purchased 
goods 
(Purchasing) 
(Cost office) 
Shop floor 
production 
Manufacturing 
, 
yvyvy 
Display the performance 
on green area 
Appendix VIII 
Information flow charts for SOP sub process (tender 
and contract) of Engineered Product Division of 
Morris 
Appendix VIII 
This appendix contains the complete flow chart of Sales Order Processing (SOP) for 
Engineer product Division of Morris. The SOP consists of two part of tendering and 
contract of an order. 
The first diagram is the complete information flow chart of an order going through 
the process of tendering crossing different departmental boundaries. 
The second diagram is the complete information flow chart of the approved tender 
going through the process of contract crossing different departmental barriers. 
